Using Handheld Touch Screen Enabled Devices and Persuasive Game Mechanics to Teach Quadratic Functions by Montoya, Alejandro
	  	  	  	  	  	  	  	  
Using	  Handheld	  Touch	  Screen	  Enabled	  Devices	  and	  
Persuasive	  Game	  Mechanics	  to	  Teach	  Quadratic	  
Functions	  	  By	  Alejandro	  Montoya	  August	  2011	  
	   2	  
	  
	  
	  
	  
Using	  Handheld	  Touch	  Screen	  Enabled	  Devices	  and	  
Persuasive	  Game	  Mechanics	  to	  Teach	  Quadratic	  
Functions	  	  By	  Alejandro	  Montoya	  	  	  	  	  	  	  A	  thesis	  submitted	  in	  partial	  fulfillment	  of	  the	  requirements	  for	  the	  degree	  of	  Master	  of	  Science	  in	  Computer	  Information	  Systems	  	  	  	  	  At	  
Grand	  Valley	  State	  University	  
April	  2011	  	  	  	  	  	  	  	  	  	  	  	  	  Advisors:	  	   Jonathan	  Engelsma,	  Associate	  Professor	   	   	   	   Date	  	   	   Charlene	  Beckman,	  Professor
	   3	  
Table	  of	  Contents	  	  List	  of	  Figures.............................................................................................................................................. 5	  Abstract.......................................................................................................................................................... 7	  1.	   Introduction ........................................................................................................................................ 9	  2.	   Literature	  Review...........................................................................................................................11	  2.1.	  Terminology	  and	  Concepts	  Used	  in	  Serious	  Games	  and	  Persuasive	  Technologies.........................................................................................................................................11	  2.1.1.	  Captology ..............................................................................................................................11	  2.1.2.	  Game	  Mechanics.................................................................................................................11	  2.1.3.	  Persuasion ............................................................................................................................12	  2.2.	  Categorizing	  Serious	  Games ..................................................................................................12	  2.2.1.	  Serious	  Games	  as	  Games	  for	  Purpose.......................................................................12	  2.2.2.	  Serious	  Games	  with	  Reduced	  Gaming	  Characteristics ......................................12	  2.2.3.	  Serious	  Experiential	  and	  Cultural	  Purposes ..........................................................13	  2.3.	  Effect	  of	  Computer	  Based	  Video	  Games	  on	  Children..................................................13	  2.4.	  Parental	  Acceptance	  of	  Digital	  Game-­‐Based	  Learning...............................................15	  2.5.	  Persuasive	  Technologies	  Examples ...................................................................................16	  2.5.1.	  America’s	  Army ..................................................................................................................16	  2.5.2.	  Super	  Tangrams .................................................................................................................17	  2.5.3.	  The	  PowerHouse................................................................................................................18	  2.5.4.	  Videodope.............................................................................................................................18	  2.6.	  Persuasive	  Software	  Design ..................................................................................................18	  2.6.1.	  A	  Behavior	  Model	  for	  Persuasive	  Design ................................................................19	  2.6.2.	  Creating	  Persuasive	  Technologies:	  An	  Eight-­‐Step	  Design	  Process ..............19	  3.	   Research	  Model	  and	  Proposed	  Hypotheses ........................................................................23	  4.	   Method.................................................................................................................................................25	  4.1.	  Prototype	  Design........................................................................................................................26	  4.2.	  Game	  Implementation .............................................................................................................27	  4.2.1.	  Main	  Menu............................................................................................................................28	  4.2.2.	  New	  User ...............................................................................................................................29	  4.2.3.	  Study	  Mode...........................................................................................................................30	  4.2.4.	  Orientation	  Game ..............................................................................................................31	  4.2.5.	  Parabola	  Game....................................................................................................................33	  4.2.6.	  Line	  Game .............................................................................................................................38	  4.2.7.	  High	  Scores...........................................................................................................................39	  4.2.8.	  Help..........................................................................................................................................40	  4.2.9.	  Settings	  and	  Send	  Results ..............................................................................................41	  4.2.10.	  About	  Screen.....................................................................................................................43	  4.3.	  Participants...................................................................................................................................44	  4.4.	  Research	  Design..........................................................................................................................44	  4.5.	  Measures........................................................................................................................................46	  5.	   Results .................................................................................................................................................47	  6.	   Discussion ..........................................................................................................................................57	  7.	   Acknowledgments ..........................................................................................................................60	  
	   4	  
8.	   References..........................................................................................................................................61	  Appendix	  A	  –	  Demographic	  and	  Quadratics	  functions	  Survey ............................................65	  Appendix	  B	  –	  ParabolaX	  Survey........................................................................................................66	  
	   5	  
List	  of	  Figures	  
	  Figure	  1:	  What	  is	  Captology	  (from	  [5])..........................................................................................11	  Figure	  2:	  Input-­‐outcome	  game	  model	  (From	  [10]) ..................................................................15	  Figure	  3:	  Eight	  steps	  in	  early-­‐stage	  persuasive	  design	  (From	  [1])....................................20	  Figure	  4:	  Publishing	  on	  the	  App	  Store............................................................................................26	  Figure	  5:	  Initial	  sketch...........................................................................................................................27	  Figure	  6:	  Icon	  and	  Splash	  screen ......................................................................................................28	  Figure	  7:	  Main	  Menu ..............................................................................................................................29	  Figure	  8:	  New	  User .................................................................................................................................30	  Figure	  9:	  Study	  Mode.............................................................................................................................31	  Figure	  10:	  Orientation	  Mode	  Countdown.....................................................................................32	  Figure	  11:	  Orientation	  Mode	  Result ................................................................................................33	  Figure	  12:	  Level	  Selection	  on	  Parabola	  Game.............................................................................34	  Figure	  13:	  Playing	  Parabola	  Game ...................................................................................................36	  Figure	  14:	  Parabola	  Game	  Failed	  Screen.......................................................................................37	  Figure	  15:	  Line	  Game	  Levels...............................................................................................................38	  Figure	  16:	  Line	  Game	  Resulting	  Screen .........................................................................................39	  Figure	  17:	  High	  Scores	  Screen ...........................................................................................................40	  Figure	  18:	  Help	  Screen ..........................................................................................................................40	  Figure	  19:	  User	  Guide	  and	  Quadratic	  Function	  Definition ....................................................41	  Figure	  20:	  Settings	  Screen ...................................................................................................................41	  Figure	  21:	  Password	  Authentication ..............................................................................................42	  Figure	  22:	  Sending	  Results	  Data .......................................................................................................43	  Figure	  23:	  About	  Screen .......................................................................................................................43	  Figure	  24:	  Google	  Analytics	  Report .................................................................................................47	  Figure	  25:	  Survey	  Question:	  Gender ...............................................................................................49	  Figure	  26:	  Survey	  Question:	  Kind	  of	  player .................................................................................49	  Figure	  27:	  Kind	  of	  player	  by	  gender	  (Male).................................................................................50	  Figure	  28:	  Kind	  of	  player	  by	  gender	  (Female)............................................................................50	  Figure	  29:	  Survey	  Question:	  It	  is	  easy	  to	  learn	  to	  use	  ParabolaX .......................................51	  Figure	  30:	  Survey	  Question:	  Using	  ParabolaX	  helped	  me	  understand	  quadratic	  functions	  better ..............................................................................................................................51	  Figure	  31:	  Survey	  Question:	  ParabolaX	  was	  enjoyable...........................................................52	  Figure	  32:	  Survey	  Question:	  ParabolaX	  was	  interesting........................................................52	  Figure	  33:	  Survey	  Question:	  I	  would	  be	  interested	  in	  using	  games	  like	  ParabolaX	  in	  math	  classes .....................................................................................................................................53	  Figure	  34:	  Survey	  Question:	  I	  would	  be	  interested	  in	  using	  games	  like	  ParabolaX	  instead	  of	  some	  of	  my	  homework ..........................................................................................53	  Figure	  35:	  Survey	  Question:	  I	  would	  play	  ParabolaX	  just	  for	  fun ......................................54	  Figure	  36:	  I	  would	  play	  ParabolaX	  just	  for	  fun	  by	  gender	  (Male) ......................................54	  Figure	  37:	  I	  would	  play	  ParabolaX	  just	  for	  fun	  by	  gender	  (Female) .................................55	  Figure	  38:	  Survey	  Question:	  Using	  ParabolaX	  helped	  me	  understand	  quadratic	  functions	  better	  by	  gender ........................................................................................................58	  Figure	  39:	  Survery	  Question:	  ParabolaX	  was	  enjoyable.........................................................58	  
	   6	  
Figure	  40:	  Locate	  vertex	  and	  roots..................................................................................................65	  Figure	  41:	  Parabola	  orientation	  question.....................................................................................65	  Figure	  42:	  Locate	  vertex	  and	  roots	  2 ..............................................................................................67	  Figure	  43:	  Parabola	  orientation	  question	  2.................................................................................67	  
	  
	   7	  
Abstract	  	  Research	  has	  shown	  that	  many	  students	  are	  not	  interested	  in	  learning	  mathematics;	  they	  find	  it	  difficult	  to	  understand,	  irrelevant	  to	  their	  daily	  lives,	  and	  uninteresting.	  This	   thesis	   explores	   elements	   of	   computer	   games	   that	   may	   satisfy	   children’s	  learning	  needs	  and	  ultimately	  motivate	  them	  to	  learn	  mathematical	  concepts.	  	  According	  to	  a	  2008	  survey	  conducted	  by	  the	  Washington,	  D.C.	  based	  Pew	  Research	  Center,	   97%	  of	   children	   between	   the	   ages	   of	   12	   and	   17	   in	   the	  United	   States	   play	  computer,	   Web,	   portable	   or	   console	   games.	   Based	   on	   these	   numbers	   we	   can	  conclude	  young	  students	   like	  video	  games.	  Over	  the	  past	   few	  years,	  a	  new	  body	  of	  research	  has	  begun	  to	  develop,	  demonstrating	  how	  video	  games	  can	  have	  a	  positive	  impact	   on	   young	   people	   by	   stimulating	   their	   imagination	   and	   curiosity,	   and	   by	  encouraging	  the	  exploration	  of	  new	  concepts.	  	  According	   to	   Gee	   [28],	   “Games	  give	   children	   the	   tools	   they	  need	   to	  explore	  complex	  
systems	   and	   experiment	   with	   different	   possibilities	   and	   outcomes”.	   By	   using	   video	  games	   students	   can	   learn	   how	   to	   use	   facts	   to	   solve	   problems	   rather	   than	   simply	  memorizing	  data.	  	  Two	   seemingly	   unrelated	   content	   areas	   in	  which	   handheld	   touch-­‐enabled	   devices	  appear	   to	   be	   drawing	   immediate	   attention	   are	   the	   areas	   of	   education	   and	   video	  games.	  	  Apple	  iPhones,	  iPads	  and	  similar	  products	  are	  rapidly	  finding	  their	  way	  into	  classrooms	   around	   the	   world.	   Many	   educators	   and	   educational	   institutions	   are	  trying	  to	  make	  use	  of	  these	  technologies	  in	  classrooms.	  The	  impact	  of	  technology	  in	  education	  remains	  to	  be	  formally	  studied.	  	  	  Modern	  handheld	  touch-­‐enabled	  devices	  are	  also	  playing	  a	  role	  in	  changing	  the	  face	  of	   the	   video	   game	   industry.	   	   Instead	  of	   being	  preoccupied	  with	   fast	   twitch,	   highly	  realistic	   game	   experiences,	   running	   on	   dedicated	   game	   hardware	   platforms,	   (e.g.	  game	   console	   devices)	   and	   targeted	   at	   adolescent	   and	   young	   adult	   males,	   video	  game	   designers	   are	   finding	   that	   casual	   game	   genres	   have	   a	   broader	   appeal	   and	  could	  potentially	  have	  a	  more	  profound	  impact.	  These	  games,	  involving	  puzzles,	  or	  simple	   arcade	   experiences,	   run	   on	   smart	   phones	   and	   tablets,	   and	   have	   universal	  appeal	   across	   all	   age	   demographics.	   A	   recent	   report	   published	   by	   the	   mobile	  analytics	   firm	   Flurry	   indicates	   that	   these	   new	   smart	   phone	   platforms	   are	   rapidly	  replacing	  traditional	  dedicated	  video	  game	  platforms	  [41].	  The	   focus	   of	   this	   study	   is	   the	   intersection	   of	   these	   two	   developments:	   the	   recent	  popularity	  of	  handheld	  touch-­‐enabled	  devices	  in	  education	  and	  video	  game	  content.	  	  In	   particular,	   the	   study	   aims	   to	   investigate	   the	   use	   of	   video	   games	   on	   handheld	  touch-­‐enabled	   devices	   in	   helping	   algebra	   students	   learn	   mathematical	   concepts	  related	  to	  the	  link	  between	  linear	  and	  quadratic	  functions.	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The	   game	   used	   in	   this	   study,	   ParabolaX,	   is	   a	   new	   experimental	   mathematics	  educational	   game	  and	   runs	  on	  handheld	   touch-­‐enabled	  devices.	   In	   conducting	   the	  testing,	   the	   ParabolaX	   application	   gathered	   anonymous	   data	   from	   players	   to	  determine	  whether	  they	  were	  engaged,	  how	  well	  they	  understood	  the	  mathematical	  content,	  whether	   they	  understood	   the	  challenge,	  and	  whether	   they	  could	  apply	  an	  appropriate	  problem	  solving	  strategy	  to	  the	  challenge.	  	  The	  subject	  of	  the	  study	  was	  not	  the	  game	  player,	  but	  the	  effectiveness	  of	  the	  game	  itself.	  	  The	  results	  of	  this	  research	  showed	  that	  the	  gap	  between	  genders	  is	  not	  very	  large,	  and	  both	   female	  and	  male	  students	  were	  very	  engaged	  with	   the	  use	  of	  ParabolaX.	  When	  the	  students	  were	  asked	  if	  the	  game	  helped	  them	  to	  understand	  the	  concept	  of	  quadratic	  functions,	  all	  females	  and	  84%	  of	  the	  males	  agreed.	  	  Thus,	  the	  main	  thesis	  can	  be	  stated	  as:	  An	  educational	  game	  developed	  for	  handheld	  touch-­‐enabled	  devices	  can	  be	  helpful	  in	  learning	  mathematics.	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1. Introduction	  	  An	  increasing	  number	  of	  researchers	  link	  video	  games	  with	  contemporary	  learning	  theories	  and	  draw	  upon	  insights	  from	  cognitive	  science.	  According	  to	  Bourgonjon:	  	  	  
“Video	   games	   improve	   student	   motivation,	   stimulate	   deep	   learning	   and	  
creative	   thinking,	   transcend	   subject	   boundaries	   and	   provide	   powerful	   and	  
meaningful	   contexts	   for	   learning	   and	   increase	   people's	   ability	   to	   perform	   a	  
target	  behavior”.	  [3]	  	  The	  influence	  that	  video	  games	  have	  on	  the	  behavior	  of	  the	  people	  who	  play	  them	  is	  a	  topic	  usually	  addressed	  with	  reference	  to	  violent	  games.	  Yet,	  there	  is	  an	  emerging	  field	   called	   persuasive	   games	   (which	   include	   educational	   games,	   adver-­‐games,	  political	  games	  and	  social	  advocacy	  games)	  that	  intentionally	  seek	  to	  influence	  and	  change	  opinions	  and	  behaviors	  in	  a	  positive	  way.	  For	  this	  project,	  a	  new	  persuasive	  game	  was	  developed,	   its	  effectiveness	  as	  a	   learning	   tool	   for	  mathematics	  concepts	  was	  measured	  and	  factors	  that	  contributed	  to	  the	  learning	  process	  were	  identified.	  	  The	   impact	   of	   video	   games	   is	   widespread	   among	   younger	   generations.	   Most	  students	   play	   video	   games	   for	   entertainment	   and	   recreation	   in	   their	   free	   time.	  Teachers	   have	   raised	   the	   question	   of	   whether	   this	   new	   technology	   could	   also	   be	  employed	  for	  teaching	  purposes	  within	  the	  classroom,	  because	  of	  how	  enthusiastic	  and	  involved	  their	  students	  are	  with	  video	  games.	  	  Video	  games	  are	  unique	  in	  the	  multiple	  levels	  through	  which	  they	  can	  influence	  the	  worldview,	   values,	   and	   behaviors	   of	   players.	   Similar	   to	   literature	   and	   film,	   video	  games	  possess	  content	  with	  which	  participants	  interact.	  Unlike	  other	  digital	  media,	  however,	   video	   games	   increase	   players’	   experiences	   not	   only	   via	   narrative	   and	  audio	  visual	  content	  but	  also	  by	  the	  rules,	  principles,	  and	  objectives	  governing	  what	  participants	   do.	  Moreover,	   Koo	   says,	   “Many	  video	  games	  possess	  an	  ecosystem	  that	  
impacts	  players’	  interpretation	  of	  the	  game	  itself”	  [31].	  For	  example,	  children	  are	  able	  to	  play	  with	  other	  children	  that	  are	  in	  physical	  or	  virtual	  proximity.	  “Video	  games,”	  writes	   linguist	   and	   educator	   Gee	   [31],	   “are	   good	   for	   your	   soul”.	   They	   have	   the	  capacity	   to	   change	   moral	   reasoning,	   open	   players	   to	   new	   perspectives,	   reinforce	  positive	  behaviors,	  and	  provide	  spaces	  for	  cooperation.	  	  There	  are	  many	  implementations	  of	  learning	  games	  for	  personal	  computers,	  but	  the	  use	   of	   handheld	   devices	   is	   becoming	   very	   popular	   and,	   today,	   one	   of	   the	   most	  popular	   and	   promising	   features	   of	   handheld	   devices	   are	   touch	   screens.	   This	  interaction	  technique	  is	  seen	  as	  natural	  because	  it	  conforms	  to	  the	  students’	  every	  day	  physical	  interaction	  as	  they	  often	  touch	  objects	  to	  support	  comprehension.	  	  New	   technologies	   in	   the	   classroom	   are	   becoming	   very	   popular.	   A	   recent	   survey,	  
“What	   Do	   Students	   Say	   Is	   The	   Biggest	   Obstacle	   To	   Technology	   At	   School?”	   [40],	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surveyed	   almost	   300,000	   students	   (along	   with	   43,000	   parents,	   35,000	   teachers,	  2000	   librarians	   and	   3500	   administrators)	   from	   over	   6500	   private	   and	   public	  schools	   in	   the	   United	   States	   in	   the	   fall	   of	   2010.	   This	   survey	   showed	   how	   iPads,	  interactive	   whiteboards,	   net-­‐books,	   video	   games,	   and	   other	   educational	  technologies	   are	   being	   adopted	   in	   classrooms.	   This	   study	   reported	   that	   34%	   of	  middle	   school	   and	   44%	   of	   high	   school	   students	   were	   smart-­‐phone	   owners.	  Additionally	   67%	   of	   parents	   surveyed	   said	   that	   they	   would	   be	   willing	   to	   buy	   a	  mobile	  device	   for	   their	   children	   for	   school	   if	   the	   schools	   allowed	   the	  use	  of	   those	  devices	  in	  the	  classroom.	  	  The	  next	  chapter	  presents	  a	  survey	  of	  the	  state	  of	  the	  art	  in	  persuasive	  technologies	  and	  serious	  gaming.	  Research	  questions	  and	  hypothesis	  are	  defined	  in	  chapter	  3.	  A	  video	   game	   was	   developed	   using	   methodologies	   for	   designing	   persuasive	  technologies	  proposed	  by	  Fogg	  [1]	  and	  Bogost	  [18]	  and	  it	  is	  described	  in	  chapter	  4,	  as	  well	  as	  the	  research	  design	  used.	  The	  results	  of	  the	  experiments	  are	  included	  in	  chapter	  5.	  Chapter	  6	  contains	  a	  discussion	  of	  the	  results.	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2. Literature	  Review	  	  
2.1.	   Terminology	   and	   Concepts	  Used	   in	   Serious	  Games	   and	  Persuasive	  
Technologies	  	  In	  this	  chapter,	  the	  basic	  terminology	  and	  concepts	  used	  in	  the	  relevant	  literature	  are	  enumerated	  and	  discussed.	  	  
2.1.1.	  Captology	  In	   the	   same	   way	   human	   persuader	   act	   in	   our	   society,	   persuasive	   computing	  technologies	   can	   influence	   people’s	   attitudes	   and	   behaviors,	   and	  may	   bring	   some	  changes	  in	  many	  domains	  such	  as	  commerce,	  health	  and	  education.	  	  Scientists	  have	  agreed	  to	  call	  this	  area	  “Captology”	  (Figure	  1),	  which	  is	  based	  on	  an	  acronym	  derived	  from	  “computers	  as	  persuasive	  technologies”.	  	  
	  
Figure	  1:	  What	  is	  Captology	  (from	  [5])	  B.	   J.	   Fogg,	   an	   authority	   in	   Captology,	   has	   defined	   persuasive	   computing	   as	   “the	  
computing	   systems,	   devices,	   or	   applications	   intentionally	   designed	   to	   change	   a	  
person’s	   attitudes	   or	   behavior	   in	   a	   predetermined	   way”	   [5].	   This	   definition	  emphasizes	  intentionality	  as	  a	  key	  point	  of	  persuasive	  computing	  technology.	  
2.1.2.	  Game	  Mechanics	  A	   game	   mechanic	   is	   any	   technique	   implemented	   by	   game	   designers	   in	   order	   to	  create	  play	  characteristics.	  For	  example,	  a	   leader	  board	  or	  a	   ranked	   list	  of	  players	  can	  be	  used	  as	  a	  game	  mechanic	  if	  it	  is	  intended	  to	  generate	  greater	  activity.	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A	   recognizable	   example	   of	   a	   game	   mechanic	   not	   related	   to	   video	   games	   is	   the	  scratch	   card	   element	  of	  McDonald’s	   annual	  monopoly	   game.	  The	   scratch	   card	   is	   a	  mini	   game	   (and	   the	   player	   may	   win	   instantly).	   This	   mini	   game	   is	   designed	   to	  encourage	   repeated	  play	  and	  ultimately,	   repeated	  visits	   to	  McDonald’s	   in	  order	   to	  win	  [33].	  
2.1.3.	  Persuasion	  Scholars	   do	   not	   agree	   on	   the	   precise	   definition	   of	   the	   term	   persuasion.	   Fogg’s	  definition	   [19]	   was	   used	   for	   this	   project:	   “persuasion	   is	   a	   non-­coercive	   attempt	   to	  
change	   attitudes	   or	   behaviors”.	   In	   Fogg’s	   definition,	   it	   is	   important	   to	   note	   that	  coercion,	  manipulation	  and	  deceit	  are	  not	  persuasion.	  These	  methods	  are	  shortcuts	  to	   changing	   how	   people	   believe	   or	   behave.	   Persuasion	   deals	   with	   attitude	   and	  behavior	  changes.	  	  	  Captology	  focuses	  on	  the	  planned	  persuasive	  effects	  of	  computer	  technologies.	  That	  means	   that	   persuasion	   requires	   an	   attempt	   to	   change	   another	   person	   attitude	   or	  behavior.	   The	   word	   attempt	   implies	   intentionality.	   If	   a	   computer	   technology	  changes	   someone	   else’s	   attitude	   or	   behavior	   without	   the	   intent	   to	   do	   so,	   it	   is	   an	  accident	  or	  a	  side	  effect;	  it	  is	  not	  persuasion.	  	  
2.2.	  Categorizing	  Serious	  Games	  	  The	  term	  “serious	  games”	  was	  adopted	  by	  the	  Woodrow	  Wilson	  International	  Center	  for	  Scholars	   to	  refer	   to	  video	  game	  based	   learning	  and	  simulation.	  This	  center	  has	  funded	  the	  “Serious	  Games	  Initiative”	  [24],	  a	  networking	  and	  resource	   facility	   that	  promote	  studies	  in	  this	  field.	  	  Serious	  games	  are	  digital	  games,	  simulations	  and	  virtual	  environments	  that	  provide	  opportunities	   to	   engage	   in	   activities	   through	   game	  play.	   The	  quality	   or	   success	   of	  serious	  games	  is	  characterized	  by	  the	  degree	  to	  which	  a	  specific	  purpose	  has	  been	  achieved.	  Marsh	  [23]	  categorized	  serious	  games	  into	  the	  following	  three	  groups:	  
2.2.1.	  Serious	  Games	  as	  Games	  for	  Purpose	  The	   first	   group	   identifies	   serious	   games	   as	   being	   synonymous	   with	   games	   with	  traditionally	   gaming	   characteristics,	   such	   as,	   challenge,	   play	   and	   fun.	   Yet	   they	   are	  games	   with	   a	   purpose	   (e.g.	   to	   learn	   and	   train).	   	   Common	   examples	   are	   serious	  games	   associated	   with	   the	   Armed	   Forces,	   such	   as	   America’s	   Army	   [43]	   and	   Full	  Spectrum	  Warrior	  [44].	  
2.2.2.	  Serious	  Games	  with	  Reduced	  Gaming	  Characteristics	  This	   group	   includes	   games	   for	   purpose	   with	   fewer	   traditional	   gaming	  characteristics.	   An	   example	   of	   this	   category	   is	   Fatworld	   [45],	   a	   game	   about	   the	  politics	  of	  nutrition;	  it	  was	  developed	  by	  Bogost’s	  company,	  Persuasive	  Games	  [18].	  Fatworld	   is	   an	   entertaining	   game-­‐like	   environment	   designed	   to	   explore	   the	  relationships	  between	  obesity,	   nutrition,	   and	   socioeconomics	   in	   the	  US.	  The	   game	  has	  reduced	  conflict,	  competition,	  challenge	  and	  opposition	  mechanics.	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Other	  examples	  falling	  into	  this	  second	  group	  are	  the	  many	  simulations	  for	  purpose	  created	  in	  Second	  Life	  [17].	  These	  simulations	  have	  reduced	  gaming	  characteristics,	  mechanics	   and	   game	   play.	   Indeed,	   some	   Second	   Life-­‐based	   environments	   with	  minimal,	  if	  any,	  gaming	  characteristics	  may	  fall	  better	  into	  the	  next	  group.	  
2.2.3.	  Serious	  Experiential	  and	  Cultural	  Purposes	  The	   final	   group	   encapsulates	   digital	  media	  with	  minimal	   to	   no	   traditional	   gaming	  characteristics,	   whose	   purpose	   is	   to	   provide	   opportunities	   for	   experience	   and	  emotion	   through	   encounters	   to	   provide	  meaning.	   Examples	   in	   this	   category	   have	  purposes	  such	  as	  to	  participate	  in	  scenarios	  and	  to	  understand	  past,	  present	  or	  even	  future	   cultures	   and	   their	   morals,	   principles,	   values,	   ethics	   and	   customs	   through	  experiential	  and	  emotional	  interaction.	  	  An	   example	   of	   an	   application	   in	   this	   group	   is	   SnowWorld	   [14],	   developed	   at	   the	  University	   of	   Washington’s	   HITLab	   in	   collaboration	   with	   the	   Harborview	   Burn	  Center.	  SnowWorld	  was	  designed	  to	  help	  in	  the	  reduction	  of	  pain	  for	  burn	  patients	  during	   treatment	   and	   replacement	   of	   bandages.	   Burn	   patients,	   usually	   wearing	   a	  head-­‐mount	   display	   (HMD),	   explore	   and	   engage	   with	   a	   virtual	   snow	   capped	  landscape.	   This	   helps	   to	   ‘‘put	   out	   the	   fire’’	   by	   leaving	   less	   attention	   available	   to	  process	  pain	  signals.	  
2.3.	  Effect	  of	  Computer	  Based	  Video	  Games	  on	  Children	  	  Research	   conducted	   by	   the	   Kaiser	   Family	   Foundation	   and	   the	   Children’s	   Digital	  Media	  Centers	  found	  that	  children	  in	  the	  United	  States	  are	  growing	  up	  with	  digital	  media	  and	  are	  spending	  several	  hours	  a	  day	  watching	  television	  and	  videos,	  using	  computers,	  and	  playing	  video	  games.	  According	  to	  the	  findings,	  today’s	  children	  are	  starting	   to	   be	   exposed	   to	   technologies	   at	   a	   much	   younger	   age	   than	   previous	  generations.	   Therefore,	   research	   studies	   about	   the	   impact	   of	   technologies	   on	  children’s	   lives	   have	   become	   critical.	   Most	   previous	   studies	   related	   to	   computer-­‐based	   video	   games	   have	   focused	   on	   psychological	   issues	   and	   child	   behavior.	  Sedighian’s	  [4]	  research	  started	  with	  two	  main	  questions:	  “(1)	  Can	  computer-­based	  
video	   games	   be	   instructional	   tools	   in	   early	   childhood	   education?	   (2)	   Should	  
instructional	   strategies	   be	   modified	   to	   fit	   into	   young	   children’s	   media	   experience?”	  These	  two	  questions	  are	  still	  the	  topic	  of	  current	  research.	  	  	  Several	  authors,	  including	  Sedighian	  [4],	  agree	  that	  motivation	  plays	  a	  central	  role	  in	  any	   learning	   activity.	   The	   need	   to	   learn	   mathematics	   in	   order	   to	   create	   new	  technology	  or	   to	  understand	  other	   subjects	   is	   a	   remote	  need	   for	   children.	  We	  can	  create	  a	  situation	  for	  middle	  and	  high	  school	  students	  where	  learning	  mathematics	  becomes	   a	   need.	   Playing	   games	   is	   a	   tangible	   need	   for	   children	   who	   gradually	  develop	   the	  need	   to	   learn	   the	  embedded	  mathematical	   content,	   in	  order	   to	  satisfy	  their	  need	  to	  play	  the	  game.	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“Human	  beings	  use	  artifacts	  to	  extend	  their	  abilities	  to	  perform	  tasks.	  To	  assist	  
children	  to	  learn	  mathematics,	  we	  can	  provide	  them	  with	  cognitive	  artifacts,	  i.e.,	  
artifacts	  that	  extend	  and	  improve	  their	  cognitive	  capabilities”	  [46].	  	  In	   Sedighian’s	   [4]	   work,	   the	   students	   were	   assisted	   in	   their	   understanding	   of	  transformation	   geometry	   by	   directly	   manipulating	   the	   embedded	   mathematical	  representations	   in	   the	   game	   and	   immediately	   seeing	   the	   consequences	   of	   their	  actions.	  	  This	  interactive	  learning	  process	  helps	  children	  develop	  a	  deeper	  sense	  of	  understanding	  of	  the	  mathematics	  they	  are	  learning.	  	  Chuang	   and	   Chen	   [7]	   in	   an	   experimental	   study,	   investigated	   whether	   computer-­‐based	   video	   games	   facilitate	   children’s	   cognitive	   learning.	   In	   comparison	   to	  traditional	   computer	   assisted	   instruction	   (CAI),	   this	   study	   explored	   the	   effects	   of	  several	   types	   of	   instructional	   delivery	   strategies	   on	   children’s	   learning	  achievements.	  This	  and	  other	  studies	  [4]	  indicate	  that	  computer	  assisted	  instruction	  (CAI)	   programs	  have	   factors	   that	   can	  motivate,	   challenge,	   stimulate	   curiosity,	   and	  promote	  fantasy	  in	  children,	  and	  video	  games	  have	  the	  same,	  or	  perhaps	  even	  more,	  multimedia	   and	   interaction	   capabilities	   as	   CAI	   programs,	   but	   they	   are	   not	   a	  technology	  frequently	  used	  in	  the	  classroom	  yet.	  	  Recently,	  computer-­‐based	  video	  games’	  presence	  and	  popularity	  has	  been	  growing,	  and	   game	   developers	   and	   researchers	   have	   started	   to	   investigate	   the	   impact	   of	  video	  games	  on	  students’	  cognitive	  learning.	  	  There	  has	  been	  a	  shift	   in	   the	   field	  of	   learning	   from	  a	   traditional,	  didactic	  model	  of	  instruction	  to	  a	  learner-­‐centered	  model	  that	  emphasizes	  a	  more	  active	  learner	  role.	  	  For	  Garris	  [10]	  	  “This	  represents	  a	  shift	  away	  from	  the	  ‘learning	  by	  listening’	  model	  of	  
instruction	   to	   one	   in	  which	   students	   learn	   by	   doing”.	   That	   is	   why	   computer	   games	  have	   captured	   the	   attention	   of	   educators.	   New	   interactive	   technologies	   provide	  opportunities	  to	  create	  learning	  environments	  that	  actively	  involve	  students	  in	  new	  challenges.	  	  	  Garris	   [10]	   describes	   a	   model	   of	   learning	   that	   is	   inherent	   in	   most	   studies	   of	  educational	   games.	   First,	   the	   objective	   is	   to	   design	   an	   instructional	   program	   that	  incorporates	   certain	   features	   or	   characteristics	   of	   games.	   Second,	   these	   features	  trigger	  a	  cycle	  that	  includes	  students’	  judgments	  or	  reactions	  such	  as	  enjoyment	  or	  interest,	  students’	  behaviors	  such	  as	  greater	  persistence	  or	  time	  on	  task,	  and	  system	  feedback.	   To	   the	   extent	   that	   there	   is	   a	   successful	   pairing	   between	   instructional	  content	   and	   appropriate	   game	   features,	   this	   cycle	   results	   in	   recurring	   and	   self-­‐motivated	   game	   play.	   This	   engagement	   in	   game	   play	   leads	   to	   the	   achievement	   of	  training	   objectives	   and	   specific	   learning	   outcomes.	   This	   instructional	   model	   is	  illustrated	  in	  Figure	  2.	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Figure	  2:	  Input-­outcome	  game	  model	  (From	  [10])	  Engagement	   is	   one	   of	   the	   most	   powerful	   characteristics	   of	   video	   games.	   Video	  games	   are	   a	   relatively	   new	   technology	   full	   of	   important,	   and	   not	   yet	   fully	  understood,	  implications.	  For	  Gee	  [28],	  the	  use	  of	  video	  games	  makes	  it	  possible	  to	  exercise	   the	   human	   mind	   with	   deeper	   insights	   and	   with	   new	   ways	   to	   engage	  learners.	   Additionally,	   Gee	   [27]	   has	   provided	   a	   perspective	   of	   “embodied	  
experiences”;	   he	   focuses,	   in	   part,	   on	   how	  games	   teach	   individuals	   how	   to	   play	   the	  game,	  mastering	   the	   player,	   and	   transferring	   the	   abstract	   thinking	   to	   a	   variety	   of	  different	  problems.	  
2.4.	  Parental	  Acceptance	  of	  Digital	  Game-­Based	  Learning	  	  Nowadays	   the	   phenomenon	   of	   video	   games	   plays	   an	   important	   role	   in	   the	   ideas,	  practices,	   and	   activities	   that	   engage	   the	   minds	   of	   children.	   The	   number	   of	   hours	  spent	  in	  front	  of	  these	  screens	  could	  surely	  reach	  the	  hundreds	  of	  billions	  [22].	  And	  what	   is	   remarkable	   about	   this	   time	   spent	   is	   much	   more	   than	   just	   quantity.	  
“Psychologists,	   sociologists,	   and	   parents	   are	   struck	   by	   a	   quality	   of	   engagement	   that	  
stands	  in	  stark	  contrast	  to	  the	  half	  bored	  watching	  of	  many	  television	  programs	  and	  
the	   bored	   performance	   exhibited	   with	   school	   homework”	   [22].	   The	   video	   games	  phenomenon	  is	  clearly	  a	  significant	  component	  of	  current	  children’s	  culture.	  	  Not	  much	   is	   known	   about	   the	   acceptance	   of	   video	   games	   by	   parents,	   except	   that	  parents’	   beliefs	   can	   be	   very	   influential	   [3].	   As	   many	   children	   spend	   significant	  amounts	  of	   time	  playing	  video	  games	  and	  even	  become	  addicted	   to	   them,	  parents	  and	  teachers	  start	  to	  worry	  about	  the	  negative	  influence	  on	  those	  adolescents.	  Some	  people	   think	   that	   “playing	  too	  much	  video	  games	  can	  not	  only	  cause	  depression	  and	  
violent	  behavior	   in	  kids,	  but	  also	  do	  harm	  to	  their	  physiological,	  cognitive	  and	  social	  
development”	   [11]	   and	   students	   who	   play	   video	   games	   can	   lose	   interest	   in	   their	  studies.	  This	  is	  a	  topic	  of	  active	  research.	  	  For	  example,	  Ian	  Bogost	  on	  the	  Water	  Cooler	  Games	  site	  writes	  about	  Kimveer	  Gill	  who	  on	  September	  13,	  2006	  killed	  one	  woman	  and	  wounded	  19	  other	  people	   in	  a	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shooting	  spree	  at	  a	  Montreal	  college	  before	  killing	  himself.	  Media	  reported	  widely	  the	  kind	  of	  video	  games	  he	  used	  to	  play	  and	  some	  people	  related	  the	  massacre	  to	  the	  influence	  of	  video	  games:	  	  	  
"People	   like	   Gill	   don't	   kill	   because	   they	   read	   a	   particular	   book,	   listened	   to	   a	  
particular	  band,	  or	  play	  a	  particular	  video	  game.	  They	  kill	  because	  they	  have	  a	  
myriad	   of	   other	   problems	   that	   extend	   back	   in	   time	   for	   years,	   some	   of	   which	  
they	   express	   through	  using	   and	   internalizing	  media.	   In	   particular,	   they	   often	  
lack	   support	   networks,	   especially	   during	   childhood,	   and	   they	   don't	   develop	  
channels	   to	   express	   their	   fear,	   anger,	   and	   confusion.	   The	   world,	   as	   usual,	   is	  
more	  complex	  than	  we'd	  like	  it	  to	  be"	  [9].	  	  More	  than	  70	  percent	  of	  American	  teenage	  boys	  have	  played	  the	  violent	  but	  popular	  "Grand	  Theft	  Auto"	  [42],	   in	  which	  the	  goal	  of	  the	  game	  is	  to	  steal	  cars	  and	  murder	  people.	  Those	  that	  have	  played	  the	  game	  are	  more	  likely	  to	  have	  been	  in	  a	  fight	  than	  those	  who	  have	  not	  played,	  according	   to	  a	  Gallup	  company	  poll	   released	  on	  2003;	  however	   the	   survey's	   authors	   cautioned	   that	   the	   results	   did	   not	   prove	   a	   link	  between	   game	   violence	   and	   real-­‐life	   behavior.	   Incidents	   of	   gun	   violence	   in	   the	  United	   States,	   as	   well	   as	   abroad,	   have	   started	   a	   debate	   about	   violence	   in	   video	  games.	  According	  to	  popular	  media,	  the	  offenders	  were	  influenced	  by	  video	  games.	  This	  is	  a	  topic	  of	  debate	  among	  researches.	  
2.5.	  Persuasive	  Technologies	  Examples	  	  In	   order	   to	   better	   understand	   persuasive	   technologies,	   a	   number	   of	   well-­‐known	  examples	   will	   be	   cited	   and	   described.	   At	   least	   one	   video	   game	   for	   each	   of	   the	  different	   categories	   for	   persuasive	   video	   games	   proposed	   by	   Marsh	   [23]	   will	   be	  introduced.	  
2.5.1.	  America’s	  Army	  America’s	  Army	  is	  a	  series	  of	  video	  games	  and	  other	  media	  developed	  by	  the	  United	  States	   Army	   and	   released	   as	   a	   global	   public	   relations	   initiative	   to	   help	   with	  recruitment.	  America's	  Army	  was	  conceived	  by	  Colonel	  Casey	  Wardynski	  and	  was	  managed	   by	   the	   U.S.	   Army's	   Office	   of	   Economic	   and	   Manpower	   Analysis	   at	   the	  United	   States	   Military	   Academy.	   Wardynski	   envisioned	   using	   computer	   game	  technology	   to	   provide	   to	   the	   general	   public	   a	   virtual	   soldier	   experience	   that	   was	  engaging,	  informative	  and	  entertaining.	  	  Michael	  Zyda	  served	  as	   the	  principal	   investigator	  and	  development	  director	  of	   the	  America’s	  Army	  PC	  game.	  He	  took	  America's	  Army	  from	  conception	  to	  three	  million	  plus	  registered	  players	  and	  hence,	  transformed	  army	  recruiting.	  America’s	  Army	  is	  considered	   the	   game	   that	   founded	   the	   serious	   games	   field	   and	   is	   one	   of	   the	  most	  powerful	   non-­‐draft	   recruitment	   tools	   in	   the	   history	   of	   the	   US	   Army.	   It	   has	   been	  played	  over	  20	  million	  times	  [33].	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2.5.2.	  Super	  Tangrams	  Super	  Tangrams	  [4]	  is	  a	  very	  formal	  mathematical	  computer	  game	  aimed	  at	  helping	  grade	   6	   students	   learn	   two-­‐dimensional	   transformation	   geometry.	   The	   game	  involves	  the	  traditional	  tangram	  activity	  in	  which	  seven	  geometric	  shapes	  must	  be	  moved	   to	   fit	   together	   in	  an	  outline	  by	  using	  slides,	   turns	  and	   flips.	   It	   consists	  of	   a	  series	   of	   puzzles,	  which	  progressively	   become	  more	  difficult.	   	   Some	  of	   the	   results	  and	  observations	  from	  this	  project	  include:	  	  
1)	   Meaningful	   learning:	   	   Video	   games	   are	   an	   integral	   part	   of	   children’s	   popular	  culture.	   Inserting	   mathematics	   in	   a	   video	   game	   environment	   brings	   greater	  relevance	   to	   the	   subject	   for	   children	   and	   provides	   an	   environment	   in	  which	   they	  find	  learning	  mathematics	  meaningful	  and	  useful.	  	  
2)	  Goal:	   	  The	  goal	  is	  to	  finish	  the	  video	  game	  or,	  as	  children	  say,	  to	  “beat	  the	  game”	  Such	   goals	   create	   a	   sense	   of	   mission.	   In	   contrast,	   children	   expressed	   a	   sense	   of	  frustration	  with	   school	  mathematics	  because	   it	   often	   involved	   completing	   a	   set	   of	  worksheet	  type	  problems	  that	  did	  not	  provide	  them	  with	  meaningful	  goals.	  	  
3)	  Success:	   	  Accomplishing	  the	  goals	  can	  provide	  children	  with	  a	  sense	  of	  success.	  For	   example,	   many	   children	   kept	   track	   of	   their	   scores	   and	   how	   far	   they	   had	  advanced	  in	  a	  game	  as	  measures	  of	  their	  success.	  	  In	   this	   research	   it	  was	   found	   that	   children	  want	   and	   need	   to	   be	   successful	   in	   the	  social	  environment	  of	  their	  class.	   	  They	  need	  to	  succeed	  in	  mathematics	  to	  want	  to	  learn	   more	   mathematics.	   	   Therefore,	   they	   should	   be	   placed	   in	   environments	   of	  learning	  mathematics	  that	  provide	  this	  sense	  of	  success.	  	  
4)	  Challenge:	  As	  children	  played,	  researchers	  would	  often	  hear	  children	  say:	  “I	  like	  
the	  challenge”	  For	  almost	  all	   children,	  being	  challenged	   in	  a	  game	  meant	   that	   they	  would	  not	  be	  bored.	  	  In	   their	   observations	   of	   children	   playing	   Super	   Tangrams,	   researchers	   found	   that	  students	   particularly	   liked	   games	   that	   progressively	   became	  more	   challenging.	   As	  they	  mastered	  a	  certain	  level	  of	  difficulty,	  many	  children	  would	  want	  to	  immediately	  move	  on	  to	  a	  new	  challenge.	  Children	  need	  to	  be	  constantly	  challenged	  and	  seem	  to	  thrive	  on	  it.	  They	  enjoy	  learning	  mathematics	  in	  the	  context	  of	  a	  fun	  challenge.	  	  
5)	  Cognitive	  artifact:	  Two	  factors	  were	  identified	  which	  made	  the	  game	  a	  cognitive	  artifact	  for	  children:	  1)	  interactivity	  and	  2)	  communication.	  Many	  students	  made	  the	  comment	  that	  they	  enjoyed	  the	  fact	  that	  they	  could	  interact	  with	  the	  mathematics	  in	  the	  game.	  	  
6)	   Association	   through	   pleasure:	   Children	   need	   to	   associate	   mathematics	   with	  some	   pleasant	   memory.	   This	   association	   helps	   with	   the	   retention	   of	   concepts	   in	  children.	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7)	  Attraction:	  Games	  can	  create	  environments	  in	  which	  children	  get	  excited	  about	  the	   embedded	   mathematics	   and,	   therefore,	   are	   willing	   to	   be	   immersed	   in	   the	  environment	  and	  spend	  time	  learning	  mathematics.	  In	  order	  to	  stimulate	  children	  to	  intensely	  think	  about	  mathematics,	  they	  need	  to	  be	  placed	  in	  learning	  environments,	  which	  attract	  them	  to	  mathematics	  and	  allow	  them	  to	  experience	  the	  joy	  of	  learning.	  	  
8)	   Sensory	   stimuli:	  For	  children,	  sensory	  stimuli,	   like	   fancy	  graphics,	  animations,	  sound	   effects	   or	   background	   music,	   added	   to	   the	   fun	   of	   playing	   a	   game,	   makes	  learning	  mathematics	  more	  enjoyable	  and	  memorable.	  
2.5.3.	  The	  PowerHouse	  Persuasive	  technologies	  can	  be	  useful	  to	  modify	  behaviors	  related	  to	  energy	  usage.	  	  The	  PowerHouse	   [29]	   is	   a	   video	  game	  designed	   to	  motivate	   teenagers	   to	   increase	  their	   interest	   in	   energy-­‐related	   issues	   and	   promote	   efficient	   energy	   use	   in	   their	  homes.	   To	   appeal	   to	   this	   particular	   group,	   the	   developers	   of	   the	   game	  decided	   to	  adopt	  a	  popular	  television	  format	  where	  people	  live	  together	  in	  a	  closed	  house	  (e.g.,	  Big	  Brother).	  	  In	   PowerHouse,	   a	   player	  manages	   a	   simulated	   domestic	   environment	   with	   seven	  characters.	   Similar	   to	   the	   game	   The	   Sims,	   these	   characters	   have	   different	  personalities	   and	   basic	   needs	   and	   the	   player	  must	   satisfy	   their	  wishes	   and	   needs	  such	  as	  letting	  them	  eat	  and	  sleep.	  The	  objective	  is	  to	  keep	  the	  residents	  within	  the	  house	   as	   long	   as	   possible.	   If	   a	   character	   gets	   annoyed	   he/she	   leaves	   the	   house	  eventually.	  
2.5.4.	  Videodope	  Videodope	  [32]	  can	  be	  categorized	  as	  a	  serious	  game,	  because	  its	  goal	  is	  to	  provide	  information	  on	  the	  short,	  medium	  and	  long-­‐term	  effects	  of	  psychoactive	  substance	  use	  on	  the	  body	  and	  on	  the	  social	  life	  of	  the	  consumer.	  Its	  purpose	  is	  to	  increase	  the	  users’	   knowledge	   of	   these	   effects,	   which	   is	   often	   based	   on	   misconceptions	   and	  legends,	   and	   to	   provide	   feedback	   on	   their	   level	   of	   information,	   with	   preventive	  purposes.	  	  Tools	   such	   as	   educational	   video	   games	   are	   able	   to	   capture	   the	   audience	   and	   the	  user's	   attention	   by	   adopting	   a	   language	   they	   like	   and	   offering	   the	   advantage	   of	  scalability,	   persistency,	   ubiquity,	   anonymity	   and	  multimodality.	   At	   the	   same	   time,	  serious	  games	  can	  store,	  access,	  and	  manipulate	  huge	  amounts	  of	  data.	  Videodope's	  purpose	  is	  to	  reach	  adolescents	  and	  young	  adults	  using	  a	  recreational	  approach	  in	  their	  own	  language.	  
2.6.	  Persuasive	  Software	  Design	  	  This	   section	   describes	   the	   state	   of	   the	   art	   in	   designing	   models	   for	   persuasive	  technologies.	  These	  methodologies	  were	  used	  for	  the	  design	  and	  implementation	  of	  the	  video	  game	  developed	  for	  this	  project.	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2.6.1.	  A	  Behavior	  Model	  for	  Persuasive	  Design	  The	  Fogg	  Behavior	  Model	  [2],	  or	  “FBM”	  is	  a	  psychological	  model	  that	  identifies	  and	  defines	   three	   factors	   that	   control	   whether	   a	   behavior	   is	   performed.	   (For	   Fogg	  “persuasion”	  refers	   to	  attempts	   to	   influence	  people’s	  behaviors,	  not	  attitudes.)	  For	  Fogg,	  persuasive	  technology	  is	  fundamentally	  about	  learning	  to	  automate	  behavior	  change.	  To	  effectively	  encode	  experiences	  that	  change	  behaviors.	  	  The	  FBM	  has	   three	  principal	   factors	   that	  Fogg	   refers	   to	  as	  motivation,	   ability,	   and	  triggers.	   In	  brief,	   the	  model	  asserts	   that	   for	  a	   target	  behavior	   to	  happen,	  a	  person	  must	  have	  sufficient	  motivation,	  sufficient	  ability,	  and	  an	  effective	  trigger.	  All	  three	  factors	  must	  be	  present	  at	  the	  same	  time	  for	  the	  behavior	  to	  occur.	  	  The	   purpose	   of	   the	   FBM	   is	   to	   help	   researchers	   and	   designers	   think	  more	   clearly	  about	  behavior.	  By	  using	  this	  framework,	  it	  is	  possible	  to	  look	  at	  our	  own	  persuasive	  designs,	   either	   in	   research	   or	   commercial	   settings,	   and	   see	   new	   potentials	   for	  persuading	  users.	  
2.6.2.	  Creating	  Persuasive	  Technologies:	  An	  Eight-­Step	  Design	  Process	  On	  a	  similar	  way	  to	  “FBM”,	  Fogg	  defines	  a	  detailed	  process	  to	  implement	  persuasive	  technologies.	   Persuasive	   technologies	   are	  ubiquitous	  products	   designed	   to	   change	  what	  we	  think	  and	  what	  we	  do.	  This	  persuasive	  technology	  experiences	  come	  to	  us	  through	  the	  web	  (e.g.,	  commerce	  sites	  and	  social	  networking),	  video	  games	  (e.g.,	  Wii	  Fit	   and	   Dance	   Dance	   Revolution),	   mobile	   phones	   (e.g.,	   health	   applications	   and	  commercial	   texting	   services),	   and	   specialized	   consumer	   electronic	   devices	   (e.g.,	  “talking”	  pedometers	  or	  bathroom	  scales	  that	  track	  body	  mass).	  	  Fogg	  states	  that	  it	  is	  not	  necessary	  to	  invent	  new	  persuasive	  solutions.	  Instead,	  we	  can	   focus	   on	   existing	   persuasive	   technology	   products	   and	   techniques,	   changing	  those	  systems,	  as	  we	  understand	  the	  dynamics	  and	  principles	  of	  persuasive	  design.	  	  For	   the	   implementation	   of	   the	   video	   game	   proposed	   in	   this	   research	   the	   called	  Eight-­‐Step	   Design	   process	   [1],	   that	   is	   used	   to	   study	   and	   create	   persuasive	  experiences,	  was	  followed	  (Figure	  3).	  This	  methodology	  was	  proposed	  by	  Fogg	  and	  is	   considered	   to	   be	   a	   “best	   practice”	   for	   developing	   new	   digital	   experiences	   that	  influence	  people.	  In	  this	  section	  each	  step	  of	  Fogg’s	  methodology	  will	  be	  described.	  The	  following	  chapters	  will	  describe	  the	  implementation	  of	  a	  video	  game	  using	  this	  methodology.	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Figure	  3:	  Eight	  steps	  in	  early-­stage	  persuasive	  design	  (From	  [1])	  
Step	  1:	  Choose	  a	  simple	  behavior	  to	  target	  Select	  the	  smallest,	  simplest	  behavior	  that	  matters.	  Note	  that	  this	  small	  goal	  should	  be	  so	  simple	  that	  anyone	  could	  achieve	  it,	  and	  success	  should	  be	  measurable.	  	  This	   first	   step	   in	   the	  process	   is	   the	  most	   important	   aspect	  of	  designing	   successful	  persuasive	   technologies.	  Taking	   this	  step	   is	  more	  difficult	   than	   it	  sounds.	  The	  best	  designers	  advocate	  for	  simplicity,	  but	  doing	  so	  takes	  courage.	  	  
Step	  2:	  Choose	  a	  receptive	  audience	  Focus	  on	  choosing	   the	  audience	   that	   is	  most	   likely	   to	  be	   receptive	   to	   the	   targeted	  behavior	  change.	  The	  audience	  should	  also	  be	  familiar	  with	  the	  technology	  channel.	  A	   related	  mistake	   is	   to	   design	   the	   intervention	   for	   all	   users	   rather	   than	   a	   specific	  user	  type.	  	  The	  goal	  of	  Steps	  1	  through	  7	  of	  the	  design	  process	  is	  to	  create	  a	  digital	  product	  that	  reliably	   persuades	   someone	   to	   adopt	   the	   target	   behavior.	   In	   fact,	   choosing	   the	  wrong	  audience	  will	  almost	  certainly	  doom	  the	  design	  project,	  especially	  in	  the	  early	  stages.	  	  The	   next	   consideration	   in	   choosing	   an	   audience	   is	   how	   familiar	   people	   are	   with	  technology.	   Fogg	   advocates	   choosing	   early	   adopters	   or	   other	   adventurous	  individuals	   as	   a	   target	   audience.	   The	   best	   audience	   for	   early	   projects	   consists	   of	  those	  who	  enjoy	  using	  technology	  and	  trying	  new	  things.	  	  
Step	  3:	  Find	  what	  prevents	  the	  target	  behavior	  In	   this	   step	   the	   team	   must	   determine	   what	   is	   preventing	   the	   audience	   from	  performing	   the	   target	   behavior.	   The	   answers	   to	   this	   question	   fall	   into	   some	  combination	  of	  the	  following	  three	  categories:	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• Lack	  of	  motivation.	  
• Lack	  of	  ability.	  
• Lack	  of	  a	  well-­‐timed	  trigger	  to	  perform	  the	  behavior.	  	  In	   other	   words,	   in	   Step	   3	   the	   design	   team	   must	   pinpoint	   why	   people	   are	   not	  behaving	  as	  expected.	  Is	  it	  because	  they	  are	  not	  motivated?	  Is	  it	  because	  they	  lack	  a	  particular	  ability?	  Or	  is	  it	  because	  an	  appropriate	  trigger	  for	  the	  desired	  behavior	  is	  missing?	  Or	  is	  it	  a	  combination	  of	  the	  three	  factors?.	  	  Early-­‐stage	  teams	  usually	  struggle	  with	  the	  task	  of	  creating	  a	  persuasive	  technology	  that	   simultaneously	  motivates	   and	   facilitates	   a	   target	   behavior.	   Achieving	   both	   at	  the	  same	  time	  is	  hard.	  	  
Step	  4:	  Choose	  a	  familiar	  technology	  channel	  Which	  channel	   is	   “best”	  usually	  depends	  on	   three	   factors:	   the	   target	  behavior,	   the	  audience,	  and	  what	   is	  preventing	  the	  audience	  from	  adopting	  the	  behavior.	  Today,	  we	   have	   an	   increasing	   number	   of	   technology	   channels	   for	   persuasion:	   Web,	  software	   installed	   on	   personal	   computers,	   mobile	   phone	   applications,	   texting	   on	  mobile	  phones,	  social	  platforms	  like	  Facebook,	  online	  video,	  platform	  games,	  and	  so	  on.	  The	  challenge	   for	   the	  design	   team	   is	   to	  choose	  among	   the	  range	  of	  persuasion	  channels	  available,	  considering	  how	  well	  each	  channel	  matches	  the	  target	  behavior	  and	  keeping	   in	  mind	   that	   it	   is	   important	   to	   select	  a	   channel	   that	   is	   familiar	   to	   the	  target	  user.	  	  Fogg	   argues	   that	   most	   people	   can	   change	   only	   one	   behavior	   at	   a	   time.	   And	   the	  reality	  is	  that	  adopting	  a	  new	  technology	  is	  a	  behavior	  change.	  To	  use	  a	  new	  channel	  to	   change	  behavior,	   design	   teams	  must	   first	   help	   the	   audience	   to	  become	   familiar	  with	   the	   channel.	   The	   easiest	   and	   fastest	  way	   to	   progress	  with	   persuasive	   design	  projects	  is	  to	  select	  a	  channel	  the	  audience	  already	  uses.	  Mobile	  texting,	  video	  games,	  and	  social	  networking	  are	  not	   familiar	   to	  everyone	   today	  and	  may	  work	  well	  only	  for	  particular	  types	  of	  audiences.	  	  
Step	  5:	  Find	  relevant	  examples	  of	  persuasive	  technology	  Search	   for	  examples	  of	   successful	  persuasive	   technologies	   that	  are	   relevant	   to	   the	  intervention,	  as	  defined	  in	  the	  previous	  steps.	  If	  the	  chosen	  channel	  is	  video	  games,	  the	   team	   needs	   to	   study	   video	   games	   that	   have	   successfully	   changed	   behaviors.	  Teams	  can	  also	  learn	  to	  design	  for	  persuasion	  by	  imitating	  the	  methods	  of	  experts	  who	  work	  in	  that	  domain.	  	  
Step	  6:	  Imitate	  successful	  examples	  Ten	   years	   ago,	   persuasive	   technology	   was	   so	   new	   that	   design	   teams	   needed	   to	  create	  novel	  solutions.	  Today,	   the	   landscape	  is	  different.	  Rather	  than	  starting	  from	  scratch,	   a	   better,	  more	   reliable	  method	   is	   to	   imitate	  what	   is	   already	  working	   and	  adapt	  those	  successful	  approaches	  to	  the	  target	  behavior	  and	  audience.	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Identifying	   and	   adapting	   successful	   technology	   examples	   to	   the	   design	   project	   at	  hand	   is	   the	   fastest,	   surest	   way	   to	   create	   effective	   persuasive	   technologies.	   The	  opportunity	  for	  real	  innovation	  comes	  after	  laying	  a	  solid	  foundation.	  	  
Step	  7:	  Test	  and	  iterate	  quickly	  Test	  various	  persuasive	  experiences	  quickly	  and	  repeatedly.	  A	  series	  of	  small,	  rapid	  tests	  is	  more	  effective	  than	  one	  big	  test.	  Each	  test	  should	  take	  only	  a	  few	  hours,	  from	  start	   to	   finish.	  These	   are	  not	   scientific	   experiments	  but	  quick	   trials	   that	   allow	   the	  design	  team	  to	  prototype	  the	  experience	  and	  see	  how	  people	  react.	  The	  team	  should	  assess	  the	  response,	  ideally	  by	  measuring	  behavior.	  	  The	  faster	  a	  team	  tests	  various	  options,	  the	  faster	  the	  team	  learns	  what	  works.	  For	  Fogg,	   knowing	   how	   to	   prototype,	   test,	   and	   evaluate	   results	   quickly	   is	   the	   most	  valuable	  skill	  for	  designers	  of	  persuasive	  technology.	  	  The	   goal	   of	   step	   7	   is	   to	   find	   something	   that	  works,	   to	   create	   an	   intervention	   that	  succeeds	  in	  helping	  the	  target	  audience	  to	  adopt	  a	  very	  simple	  target	  behavior	  that	  can	  be	  measured.	  	  
Step	  8:	  Expand	  on	  success	  Creating	  a	  persuasive	  technology	  that	  changes	  a	  behavior,	  no	  matter	  how	  small	  or	  simple,	  is	  a	  milestone.	  In	  step	  8,	  the	  design	  team	  can	  expand	  on	  this	  success.	  Now	  is	  the	  time	  to	  scale	  up.	  	  There	  are	  a	  variety	  of	  ways	  in	  which	  the	  team	  can	  scale	  up.	  One	  way	  is	  to	  make	  the	  target	   behavior	   more	   difficult.	   Another	   way	   to	   expand	   is	   to	   reach	   out	   to	   a	   new	  audience	  and	  see	  how	  the	  intervention	  works	  with	  this	  new	  audience.	  A	  third	  way	  is	  to	  expand	  the	  scope	  of	  distribution,	  reaching	  a	  wider	  audience	  with	  the	  intervention.	  	  From	   an	   academic	   perspective,	   step	   8	   is	   the	   starting	   point	   for	   a	   controlled	  experiment.	  	  Two	   major	   design	   principles	   should	   be	   taken	   into	   account	   when	   creating	   a	   new	  leaning	  environment:	  design	  to	  promote	  epistemological	  and	  personal	  connections.	  [36]	  	  Supporting	   epistemological	   connections	   means	   that	   activities	   should	   connect	   to	  important	  domains	  of	  knowledge	  and	  encourage	  new	  ways	  of	  thinking.	  	  Supporting	   personal	   connections	  means	   that	   the	   activities	   of	   these	   environments	  should	   connect	   to	   learner's	   interests,	   passions	   and	   experiences.	   The	   idea	   is	   that	  when	   activities	   involve	   objects	   and	   actions	   that	   are	   familiar,	   learners	   can	   take	  advantage	  of	  their	  previous	  knowledge	  and	  connect	  new	  ideas.	  This	  notion	  suggests	  the	   importance	   of	   helping	   learners	   use	   their	   passion	   for	   games	   and	   their	   game	  playing	  practices	  as	  a	  valuable	  resource.	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3. Research	  Model	  and	  Proposed	  Hypotheses	  	  This	  section	  enumerates	  and	  describes	  a	  set	  of	  hypotheses	  that	  are	  examined	  in	  this	  thesis.	   The	   aim	   is	   to	   explore	   the	   overall	   impact	   of	   video	   games	   on	   learning	  mathematics,	   as	   well	   as	   the	   impact	   across	   genders,	   and	   examines	   how	   prior	  exposure	  to	  video	  game	  technology	  affects	  learning.	  	  
H1:	   Educational	  video	  games,	  like	  ParabolaX,	  running	  on	  handheld	  devices	  
with	  touch-­enabled	  displays,	  improve	  students’	  ability	  to	  recognize	  
properties	  and	  concepts	  of	  quadratic	  functions.	  The	   value	   of	   video	   games	   is	   subject	   to	  much	   debate,	   and	   popular	  media	   plays	   an	  important	  role.	  In	  the	  past,	  media	  messages	  about	  video	  games	  have	  predominantly	  focused	  on	  the	  potential	  negative	  effects	  of	  gaming,	  and	  have	  eagerly	  cited	  studies	  that	  hold	  video	  games	  accountable	  for	  health	  issues	  (ranging	  from	  obesity,	  injuries	  inflicted	  by	   the	  use	  of	  a	  game	  controller	  and	   for	  desensitizing	  users	   from	  violence	  and	   aggressive	   behavior).	   However,	   recent	   studies	   have	   shown	   how	   video	   games	  can	   have	   a	   positive	   impact	   in	   children’s	   learning.	   It	  was	   the	   goal	   of	   this	   thesis	   to	  develop	   a	   video	   game	   that	   teaches	   a	   mathematical	   concept	   related	   to	   quadratic	  functions	  and	  to	  reject	  or	  approve	  the	  previous	  hypothesis.	  	  
H2:	  	   Prior	  exposure	  to	  video	  game-­play	  based	  on	  gender	  is	  positively	  related	  
to	  the	  following:	  
	   a.	  	  	  	  	  Persistence	  
	   b.	  	  	  	  	  Problem-­solving	  strategizing	  
	   c.	  	  	  	  	  	  Visual	  ability	  Another	  crucial	  factor	  is	  the	  amount	  of	  experience	  students	  have	  with	  video	  games.	  Bourgonjon	   [3]	   conceptualized	   experience	   with	   video	   games	   as	   a	   combination	   of	  time	  dedicated	   to	  video	  gaming,	  playing	  a	  diversity	  of	  games,	  and	   identifying	  with	  game	   culture.	   Active	   players	   of	   video	   games	   can	   feel	   more	   engaged	   by	   utilizing	  learning	  tools	  with	  game	  mechanics.	  	  Several	   researchers	   working	   on	   technology	   integration	   in	   teaching	   practice,	  highlight	   gender	  differences.	  The	  use	  of	   technology	   and	   its	   implementation	   is	   still	  considered	   a	   “male	   domain”.	   Therefore,	   demographic	   data,	   and	   in	   particular	   the	  gender	  of	  the	  player,	  was	  collected	  to	  examine	  if	  there	  is	  a	  relation	  between	  gender	  and	  the	  use	  of	  educational	  video	  games.	  
H3:	  	   Educational	  video	  games,	  like	  ParabolaX,	  running	  on	  handheld	  devices	  
with	  touch-­enabled	  displays,	  make	  the	  study	  of	  quadratic	  concepts	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more	  engaging	  to	  students.	  Video	   games	   are	   an	   engaging	   technology,	   and	   the	   proliferation	   of	   casual	   video	  games	  can	  create	  an	  opportunity	  for	  games	  like	  ParabolaX	  to	  be	  successful.	  It	  is	  one	  of	  the	  goals	  of	  this	  research,	  to	  explore	  how	  a	  game	  like	  ParabolaX,	  with	  a	  principal	  objective	   to	   educate,	   can	   be	   as	   engaging	   as	   a	   video	   game	   intended	   entirely	   for	  entertainment	  purposes.	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4. Method	  	  The	  game	  was	  implemented	  using	  the	  “Eight-­‐Step	  Design	  Process”	  methodology	  for	  designing	   persuasive	   technologies.	   This	   process	  was	   introduced	   by	   Fogg	   and	  was	  outlined	   in	   the	   literature	   review	   above.	   Each	   of	   these	   steps,	   in	   the	   context	   of	   this	  project,	  will	  be	  expanded	  and	  then	  a	  game	  for	  teaching	  quadratic	  functions	  will	  be	  described.	  	  
Step	  1:	  Choose	  a	  simple	  behavior	  to	  target	  This	   research	   focuses	   on	  motivating	   students	   to	   study	  mathematical	   concepts.	   In	  particular,	   identifying	   quadratic	   functions	   from	   a	   graph	   and	   determining	   some	  relationships	  between	  quadratic	  and	  linear	  functions.	  	  	  
Step	  2:	  Choose	  a	  receptive	  audience	  The	  audience	  targeted	  for	  this	  research	  is	  middle	  and	  high	  school	  students	  taking	  a	  mathematics	  course.	  An	  important	  characteristic	  of	  the	  target	  audience	  is	  that	  they	  are	  familiar	  with	  the	  technology	  channel	  that	  will	  be	  defined	  later	  in	  this	  chapter.	  
	  
Step	  3:	  Find	  what	  prevents	  the	  target	  behavior	  The	  target	  audience	  has	  the	  ability	  to	  learn	  the	  concepts,	  but	  there	  is	  a	  varying	  lack	  of	  motivation	  on	  the	  part	  of	  the	  students.	  The	  focus	  of	  the	  project	  was	  on	  creating	  a	  persuasive	   game	  experience	   that	   simultaneously	  motivates	   and	   facilitates	   a	   target	  behavior.	  	  
Step	  4:	  Choose	  a	  familiar	  technology	  channel	  According	  to	  a	  2008	  survey	  conducted	  by	  the	  Washington,	  D.C.	  based	  Pew	  Research	  Center,	   97%	   of	   children	   between	   the	   ages	   of	   12	   and	   17	   play	   computer,	   Web,	  portable,	   or	   console	   games.	   Video	   games	   are	   a	   familiar	   technology	   channel	   for	  today’s	  students	  and	  a	  channel	  that	  matches	  the	  target	  behavior.	  
	  
Step	  5:	  Find	  relevant	  examples	  of	  persuasive	  technology	  There	   are	   several	   implementations	   of	   persuasive	   games.	   Several	   games	   were	  described	   in	   Chapter	   2.	   Additionally,	   the	   most	   popular	   current	   game	   (non-­‐educational	  and	  educational)	  mechanics	  were	  analyzed	  to	  add	  those	  functionalities	  to	  the	  proposed	  game,	  to	  make	  it	  more	  effective	  and	  engaging.	  A	  very	  popular	  game	  is	   “Angry	  Birds”	   [25].	   In	   this	  game,	  players	   take	  control	  of	  a	   flock	  of	  multi-­‐colored	  birds	  that	  are	  attempting	  to	  retrieve	  eggs	  that	  have	  been	  stolen	  by	  a	  group	  of	  green	  pigs.	  Each	  level	  starts	  with	  a	  pre-­‐determined	  number,	  type,	  and	  order	  of	  birds.	  The	  levels	  game	  mechanic	  is	  used	  in	  the	  game	  developed	  for	  this	  thesis.	  The	  difficulty	  of	  the	  game	  increases	  as	  the	  player	  moves	  from	  one	  level	  to	  the	  next	  one.	  Only	  when	  the	  player	  beats	  a	  level	  will	  the	  player	  be	  able	  to	  move	  to	  the	  next	  level.	  The	  player	  can	   play	   the	   same	   level	   several	   times	   to	   improve	   performance.	   Levels	   are	   a	  convenient	  way	  to	  divide	  the	  game	  into	  achievable	  sub-­‐games.	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Step	  6:	  Imitate	  successful	  examples	  Because	   starting	   from	   scratch	   takes	   a	   long	   time,	   the	   game	   uses	   the	  mathematical	  engine	   Quick	   Graph	   “QG”	   [38].	   QG	   is	   a	   powerful,	   high	   quality,	   graphics	   calculator	  developed	  for	  the	  iPhone.	  This	  code	  is	  commercial,	  but	  as	  part	  of	  the	  development	  team	   of	   this	   software,	   The	   researcher	   was	   able	   to	   use	   the	   core	   framework	   as	   a	  compiled	   library.	   Additionally	   (as	   previously	   described)	   some	   game	  mechanics	   of	  “Angry	  Birds”	  were	  adapted.	  	  
Step	  7:	  Test	  and	  iterate	  quickly	  Working	  with	  a	  small	  number	  of	  mathematical	  concepts	  allows	  the	  project	  to	  iterate	  quickly	  and	  it	  was	  easy	  to	  develop	  several	  different	  games	  within	  the	  game.	  	  
	  
Step	  8:	  Expand	  on	  success	  The	  game	  is	  currently	  available	  in	  the	  App	  Store,	  free	  of	  charge.	  This	  makes	  the	  game	  available	  to	  a	  global	  audience.	  The	  App	  Store	  allows	  users	  to	  browse	  and	  download	  applications	  from	  the	  iTunes	  Store	  that	  have	  been	  developed	  with	  the	  iOS	  SDK,	  and	  published	  through	  Apple.	  So	  anyone	  with	  an	  iPhone	  or	  iPod	  touch	  can	  download	  the	  game.	  Anonymous	  data	  provided	  by	  Google	  Analytics	  [47]	  are	  being	  collected.	  	  The	  usage,	  demographic	  information,	  number	  of	  tries,	  time	  on	  each	  game	  and	  number	  of	  levels	  cleared	  are	  being	  gathered.	  
	  
	  
Figure	  4:	  Publishing	  on	  the	  App	  Store	  This	  project	  focused	  on	  a	  small	  number	  of	  mathematics	  concepts	  and	  the	  possibility	  to	   add	   new	   concepts	   is	   left	   open.	   “Small,	   measurable	   successes	   should	   be	   highly	  
valued	  in	  the	  field	  of	  persuasive	  technology.	  They	  teach	  us	  how	  to	  succeed.	  We	  can	  also	  
learn	  from	  failure,	  but	  those	  failures	  should	  be	  small	  and	  fast.”	  [1]	  
4.1.	  Prototype	  Design	  	  Once	  the	  development	  of	  a	  video	  game	  is	  selected	  as	  the	  channel,	  the	  next	  question	  is	   which	   platform	   or	   device	   should	   be	   used.	   	   Because	   of	   the	   flexibility	   of	   touch	  screen	   devices	   and	   the	   popularity	   of	   the	   iOS	   devices,	   this	   platform	   is	   the	   most	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appropriate.	  The	  design	  process	  started	  with	  a	  sketch	  of	  the	  screens	  as	  illustrated	  in	  Figure	  5.	  	  
	  
Figure	  5:	  Initial	  sketch	  The	   above	   application	   sketch	   was	   iteratively	   designed	   with	   the	   help	   of	   several	  domain	  experts.	  	  Several	   mini-­‐games	   were	   also	   designed.	   Three	   of	   them	   were	   implemented	   as	  explained	  in	  the	  next	  section.	  	  
4.2.	  Game	  Implementation	  	  Using	  Xcode	  and	  the	  Apple	  Developer	  Tools,	  an	  iterative	  approach	  version	  1.0	  of	  the	  educational	   game	   called	   ParabolaX	   was	   implemented	   for	   the	   iOS	   platform.	   The	  purpose	  of	   the	  game	  is	   to	  help	  students	  discover	  relationships	  between	  linear	  and	  quadratic	  functions.	  	  The	  Quick	  Graph	  [38]	  engine	  was	  used	  to	  perform	  all	  the	  mathematical	  calculations	  required	  by	  the	  game,	  as	  well	  as	  the	  rendering	  of	  the	  two	  dimensional	  (2D)	  graphs.	  Google	  Analytics	  [47]	  is	  a	  free	  service	  provided	  by	  Google	  to	  collect	  usage	  data,	  and	  was	   integrated	   in	   the	   game	   to	   gather	   anonymous	   data	   from	   the	   game	   that	   is	  available	  on	  the	  App	  Store	  of	  Apple.	  	  An	  overview	  of	  the	  game	  is	  presented	  bellow.	  The	  game	  icon	  and	  starting	  screen	  are	  illustrated	   in	  Figure	  6.	  The	  game	  has	  been	  tested	  on	  all	  generations	  of	   iPod	  Touch	  and	  iPhone	  starting	  on	  iOS	  3.1.3.	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Figure	  6:	  Icon	  and	  Splash	  screen	  
4.2.1.	  Main	  Menu	  When	  the	  game	  starts	  a	  main	  menu	  (Figure	  7)	  is	  presented	  to	  the	  student.	  Several	  options	  can	  be	  selected,	  and	  these	  options	  will	  be	  explained	  in	  detail	  throughout	  the	  following	  sections.	  	  A	  global	  score	  is	  presented	  here;	  this	  is	  the	  sum	  of	  the	  score	  of	  each	  level	  beaten	  on	  Parabola	  Game	  and	  Line	  Game.	  The	  score	  and	  levels	  mechanics	  will	  be	  explained	  in	  Section	  5.2.5.	  	  
	   29	  
	  
Figure	  7:	  Main	  Menu	  
4.2.2.	  New	  User	  When	  the	  student	  hits	  the	  “New	  User”	  button,	  a	  new	  screen	  in	  presented	  (Figure	  8).	  In	   this	   screen	   the	   student	   can	   select	   an	   avatar	   that	   represents	   him	   (her),	   and	  additional	  basic	  anonymous	  data	  will	  be	  collected	  for	  the	  current	  research	  purposes	  (including	   the	   gender	   and	   playing	   habits).	   Once	   the	   user	   is	   created,	   information	  from	  a	  previous	  section	  will	  be	  saved	  to	  the	  local	  device	  and	  an	  entire	  new	  profile	  will	   be	   created	   for	   the	   new	   player.	   This	   profile	   will	   hold	   records	   for	   the	   levels	  cleared,	  score	  per	  level,	  global	  scores,	  time	  spent	  on	  each	  game	  and	  number	  of	  tries.	  The	  data	  collected	  by	  the	  game	  will	  be	  explained	  in	  more	  detail	  in	  Section	  5.5.	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Figure	  8:	  New	  User	  
4.2.3.	  Study	  Mode	  This	   functionality	   enables	   the	   student	   to	   become	   familiar	   with	   the	   graphs	   of	  quadratic	  functions.	  Two	  lines	  are	  presented	  to	  the	  student	  as	  illustrated	  in	  Figure	  9.	  The	   student	   can	   select	   one	   with	   a	   “hold	   tap”	   close	   to	   the	   line	   he	   (she)	   wants	   to	  modify.	  When	  the	  line	  is	  selected	  it	  will	  change	  color	  to	  green.	  This	  means	  it	  can	  be	  modified;	  the	  student	  can	  then	  drag	  the	  line	  to	  change	  the	  intercept	  with	  the	  y-­axis.	  In	  other	  words,	  the	  student	  can	  move	  the	  line	  up	  and	  down.	  It	  is	  possible	  to	  change	  the	  slope	  of	  the	  line	  by	  using	  two	  fingers	  when	  the	  line	  is	  in	  edit	  mode	  (green)	  and	  rotating	  the	  line	  with	  a	  rotation	  gesture	  on	  the	  touch	  screen.	  The	  parabola	  resulting	  from	  the	  multiplication	  of	  the	  two	  lines	  is	  calculated	  in	  real	  time,	  and	  presented	  to	  the	   student.	   The	   goal	   here	   is	   to	   show	   how	   the	   parabola	   properties	   (vertex,	  intercepts,	  orientation,	  etc.)	  change	  when	  the	  lines	  are	  changed.	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Figure	  9:	  Study	  Mode	  
4.2.4.	  Orientation	  Game	  In	  this	  game	  two	  lines	  are	  presented	  to	  the	  student	  (Figure	  10).	  The	  challenge	  is	  to	  guess	  if	  the	  parabola	  that	  results	  from	  multiplying	  these	  two	  lines	  opens	  upwards	  or	  downwards.	  The	  game	   starts	  with	   a	   countdown	   to	  prepare	   the	   iPhone/iPod	   in	   an	  initial	   position.	   For	   this	   specific	   game,	  data	   from	   the	   accelerometers	  of	   the	  device	  are	  collected.	  When	  the	  student	  makes	  a	  movement	   in	  the	  air	  with	  the	  device	  that	  represents	  his	  (her)	  guess	  to	  the	  solution	  of	  the	  problem,	  the	  movement	  is	  tracked	  using	  the	  accelerometers.	  Then	  the	  real	  solution	  of	  the	  problem	  is	  presented	  to	  the	  user,	  along	  with	  a	  message	  telling	  if	  he	  (she)	  did	  well	  and	  a	  winning	  melody	  will	  play,	  or	  a	  different	  melody	  will	  play	  encouraging	  him	  (her)	  to	  try	  again	  if	  the	  guess	  was	  wrong	  (Figure	  11).	  	  Several	  problems	  were	  addressed	  to	  accomplish	  this:	  
• First,	  a	  filter	  class	  was	  implemented;	  the	  purpose	  of	  this	  class	  was	  to	  remove	  the	   earth	   gravity	   from	   the	   data	   collected	   by	   the	   accelerometer.	   The	   class	  name	   is	  AccelerometerFilter	   and	   it	  was	   adapted	   from	  an	  open-­‐source	   class	  from	  Apple	  that	  comes	  with	  the	  Xcode.	  
• The	  accelerometer	  only	  starts	  collecting	  data	  when	  the	  countdown	  ends.	  The	  first	   value	   has	   to	   be	   ignored;	   generally	   it	   gets	   a	   previous	   state	   or	   an	  undefined	   state	   of	   the	   accelerometer.	   Only	   data	   for	   an	   acceleration	  magnitude	   higher	   than	   a	   threshold	   value	   is	   recorded.	   The	   threshold	   value	  was	  defined	  as	  0.3.	  The	  value	  was	  defined	  based	  on	  several	  tests	  using	  a	  trial	  error	  method,	  and	  the	  magnitude	  was	  calculated	  as:	  	  
float magnitude = sqrtf(filter.x*filter.x + filter.y*filter.y + 
filter.z*filter.z);	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• Data	   from	   the	   accelerometer	   is	   recorded	   for	   200	   milliseconds.	   Only	   the	  acceleration	  on	  the	  y-­axis	  is	  taken	  into	  account	  to	  see	  how	  the	  student	  started	  the	  movement	  to	  represent	  the	  parabola.	  If	  the	  move	  was	  top-­‐down	  then	  the	  student’s	  guess	  was	  that	  the	  parabola	  opens	  upward.	  	  	  
	  
Figure	  10:	  Orientation	  Mode	  Countdown	  An	  interesting	  and	  notable	  thing,	  and	  something	  students	  liked,	  as	  will	  be	  discussed	  in	  Section	  6,	  is	  the	  input	  used	  for	  the	  game.	  To	  select	  the	  direction	  of	  the	  parabola,	  the	   student	   needs	   to	   make	   the	   form	   of	   the	   parabola	   in	   the	   air.	   For	   now,	   it	   is	  necessary	  to	  hold	  the	  device	  vertically	  (with	  the	  home	  button	  down	  and	  the	  screen	  facing	   the	   user).	   	   As	   a	   future	   update,	   this	   limitation	   can	   be	   solved.	   Yet,	   for	   the	  purpose	   of	   this	   thesis,	   it	  was	   not	   a	   problem,	   because	   all	   of	   the	   experiments	  were	  performed	   in	   the	   classroom	   and	   detailed	   instructions	   were	   provided	   before	   the	  students	  started	  using	  the	  application.	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Figure	  11:	  Orientation	  Mode	  Result	  
4.2.5.	  Parabola	  Game	  Figure	  12	  shows	  a	  list	  of	  available	  levels.	  The	  player	  can	  only	  play	  unlocked	  levels.	  Once	   a	   level	   is	   unlocked,	   the	   next	   level	   will	   be	   available.	   The	   list	   can	   be	   scrolled	  down	  to	  see	  other	  available	  levels.	  	  Some	  information	  about	  each	  level	  is	  shown,	  like	  the	  level	  number,	  whether	  or	  not	  it	  is	   locked,	   the	  best	  user	   score	   in	   the	   level	   (the	  user	   can	   try	   the	   same	   level	   several	  times	  to	  improve	  his	  (her)	  score),	  and	  the	  number	  of	  stars	  earned	  in	  the	  level.	  The	  stars	  are	  calculated	  based	  on	  the	  accuracy	  of	  the	  answer.	  Accuracy	  higher	  than	  50%	  is	  rewarded	  with	  one	  star,	  higher	  than	  65%	  receives	  two	  stars,	  and	  higher	  than	  80%	  three	  stars.	  The	  way	  the	  accuracy	  is	  calculated	  will	  be	  explained	  later	  in	  this	  section.	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Figure	  12:	  Level	  Selection	  on	  Parabola	  Game	  A	  properties	  list	  is	  defined	  with	  the	  following	  information	  for	  every	  level:	  	  	   <dict>	  	   	   <key>a1</key>	  	   	   <integer>1</integer>	  	   	   <key>a2</key>	  	   	   <integer>1</integer>	  	   	   <key>b1</key>	  	   	   <integer>0</integer>	  	   	   <key>b2</key>	  	   	   <integer>1</integer>	  	   </dict>	  	  This	  will	  make	  it	  easy	  for	  an	  instructor	  to	  define	  the	   level	   information,	  create	  new	  levels,	  or	  modify	  existing	  ones.	  Each	  level	   is	  defined	  as	  two	  lines,	  and	  as	  explained	  below,	   the	   goal	   is	   to	   guess	   the	   resulting	   parabola	   of	   multiplying	   these	   two	   lines.	  Then,	  the	  previous	  information	  contains	  the	  data	  for	  the	  two	  lines	  used	  in	  the	  level:	  	  a1:	  Slope	  line	  1	  a2:	  Slope	  line	  2	  b1:	  Intercept	  line	  1	  b2:	  Intercept	  line	  2	  	  	  Once	  the	  player	  selects	  a	  level	  to	  play,	  a	  screen	  with	  two	  lines	  (with	  the	  information	  gathered	   from	   the	   properties	   list	   file	   explained	   before)	   is	   presented	   (Figure	   13).	  There	   is	   a	   countdown,	   and	   the	   faster	   the	   student	   guesses	   the	   correct	   answer,	   the	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better	  the	  time	  bonus	  added	  to	  the	  score.	  The	  current	  level	  number	  and	  current	  high	  score	   are	   presented	   as	   well	   in	   the	   top	   of	   the	   screen,	   as	   informative	   data	   for	   the	  student.	  The	  goal	   in	   this	  game	   is	   to	  draw	  on	  the	  screen	  of	   the	  device	   the	  parabola	  resulting	   from	   multiplying	   the	   two	   lines.	   After	   drawing	   the	   answer,	   the	   student	  should	  hit	  the	  “done”	  button	  to	  confirm	  the	  answer.	  	  	  Accuracy	  will	   be	   calculated	   based	   on	   the	   number	   of	   points	   (strokes)	   close	   to	   the	  correct	  answer.	   	  Figure	  13,	  shows	  a	  parabola	  drawn	  and	  the	  message	  presented	  to	  the	  user	  after	  hitting	  the	  “done”	  button,	  with	  the	  score	  and	  indication	  of	  whether	  the	  level	  was	  cleared.	  The	  clear	  button	  is	  used	  to	  remove	  the	  current	  strokes	  made	  by	  the	  user	  (an	  alternative	  to	  this	  is	  shaking	  the	  device).	  	  Each	   point	   generated	   by	   the	   student	   will	   be	   tested	   against	   the	   points	   of	   the	   real	  solution,	  selecting	  the	  distance	  to	  the	  closest	  one:	  	  
-(double) getDistanceToQuadratic:(CGPoint*)verticesRead lenghtRead:(int) 
lenghtRead point:(CGPoint)point0 { 
    double distance = 999;         
    double x0 = (point0.x - 160)/myView.viewstate.pixelUnitRatio; 
    double y0 = (240 - point0.y)/myView.viewstate.pixelUnitRatio; 
    for (int i = 0; i < lenghtRead; i++) { 
        CGPoint curPoint = verticesRead[i]; 
        double disx = (x0-curPoint.x); 
        double disy = (y0-curPoint.y); 
        double curdistance = sqrt((disx*disx) + (disy*disy)); 
        if (curdistance < distance) { 
            distance = curdistance; 
        } 
    }     
    return distance; 
}	  	  Based	  on	  how	  close	  the	  guessed	  point	  is	  to	  the	  real	  solution,	  the	  total	  score	  for	  the	  level	  is	  incremented:	  	  
double disWithTolerance = myView.viewstate.pixelUnitRatio * distance / 50.0; 
        if (disWithTolerance < tolerance) { 
            score++; 
        } 
        if (disWithTolerance < 0.1) { 
            globalScore = globalScore + 6; 
        } else if (disWithTolerance < 0.2) { 
            globalScore = globalScore + 5; 
        } else if (disWithTolerance < 0.3) { 
            globalScore = globalScore + 4; 
        } else if (disWithTolerance < 0.4) { 
            globalScore = globalScore + 3; 
        } else if (disWithTolerance < 0.5) { 
            globalScore = globalScore + 2; 
        } else if (disWithTolerance < 0.6) { 
            globalScore = globalScore + 1; 
        }	  	  This	   means,	   the	   closer	   the	   point	   is	   to	   the	   real	   solution,	   the	   more	   accurate	   the	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student’s	  guess	  is,	  and	  the	  better	  the	  score.	  The	  level	  is	  cleared	  with	  one	  star	  and	  the	  next	  level	  is	  unlocked	  if	  the	  guessed	  solution	  has	  an	  accuracy	  of	  at	  least	  50%,	  and	  a	  message	  is	  presented	  with	  the	  number	  of	  stars	  earned,	  the	  current	  score,	  the	  avatar	  selected	  by	   the	  user	   smiling	   and	   the	  option	   to	  play	   again	   to	   improve	   the	   score	  or	  move	  to	  the	  next	  level.	  	  Additionally,	   the	   scoring	   system	   is	   based	   on	   the	   bonus	   level	   (time	   bonus)	   and	  number	  of	  points	  (the	  slower	  the	  draw	  is	  made,	  the	  more	  points	  that	  are	  collected	  by	  the	  game).	  	  
	   	  
Figure	  13:	  Playing	  Parabola	  Game	  If	  the	  player	  fails	  (accuracy	  lower	  than	  50%)	  a	  message	  with	  a	  hint	  will	  be	  presented,	  and	  the	  avatar	  selected	  by	  the	  student	  will	  have	  a	  sad	  face,	  to	  make	  the	  game	  more	  interactive.	  After	  three	  tries	  the	  answer	  to	  the	  problem	  will	  be	  shown	  to	  the	  student.	  	  Possible	  hints	  are	  (Figure	  14):	  
• Direction	  of	  the	  parabola.	  
• Vertex	  location	  of	  the	  parabola.	  
• y-­‐intercepts	  of	  the	  parabola.	  
• x-­‐intercepts	  of	  the	  parabola.	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Figure	  14:	  Parabola	  Game	  Failed	  Screen	  If	   there	   are	   not	   enough	   points	   (at	   least	   15)	   a	   message	   will	   be	   presented	   saying:	  “Please	  do	  more	  strokes!	  Try	  drawing	  slowly”,	  and	  the	  avatar	  selected	  by	  the	  user	  will	  have	  a	  surprised	  face	  (Figure	  14).	  	  When	  all	  levels	  are	  cleared,	  it	  is	  possible	  to	  play	  a	  bonus	  level,	  which	  is	  another	  level,	  but	  the	  slope	  and	  intercept	  of	  the	  two	  lines	  are	  generated	  in	  a	  random	  way,	  and	  this	  enables	  the	  student	  to	  remain	  challenged	  when	  he	  (she)	  beats	  the	  game.	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4.2.6.	  Line	  Game	  Similar	  to	  the	  parabola	  game,	  the	  line	  game	  is	  a	   level	  based	  game	  (Figure	  15).	  The	  same	  properties	  apply:	  A	   level	   is	  only	  unlocked	  when	   the	  previous	   level	  has	  been	  cleared	  or	  beaten	  and	  the	  score	  is	  the	  best	  score	  of	  the	  user	  on	  the	  level,	  stars	  are	  based	  on	  the	  accuracy	  of	  the	  user	  solution	  to	  the	  problem.	  	  
	  
Figure	  15:	  Line	  Game	  Levels	  In	  this	  game	  a	  line	  and	  a	  parabola	  will	  be	  presented	  to	  the	  student,	  and	  the	  goal	  is	  to	  guess	  the	  other	  line	  that,	  multiplied	  by	  the	  line	  that	  is	  shown,	  produces	  the	  parabola.	  	  When	   the	  player	  hits	   the	   “done”	  button,	   the	  game	  calculates	  how	  close	   to	   the	  real	  solution	  is	  the	  drawn	  guess,	  in	  the	  same	  way	  as	  the	  parabola	  game	  does.	  A	  message	  screen	  is	  presented	  to	  the	  student	  with	  the	  result	  of	  the	  game	  (Figure	  16).	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Figure	  16:	  Line	  Game	  Resulting	  Screen	  There	   are	   no	   hints	   when	   the	   student	   fails	   a	   level	   in	   this	   game.	   Similar	   to	   the	  parabola	  game,	  there	  is	  a	  bonus	  level	  that	  is	  generated	  randomly.	  
4.2.7.	  High	  Scores	  When	  a	  new	  user	  is	  created	  (Section	  5.2.2),	  the	  global	  score	  for	  the	  user	  is	  reset,	  and	  in	  every	   level	  on	   the	  Parabola	  Game	  and	  Line	  Game	   the	  user	  plays	  will	  be	  adding	  points	   to	   this	  global	   score.	  The	  global	   score	   is	  used	   for	   the	  high	  scores	   table.	  This	  table	  is	  local	  per	  device,	  and	  it	  holds	  up	  to	  six	  high	  scores.	  	  Figure	  17	  shows	  the	  high	  scores	  table	  and	  how	  it	  records	  the	  best	  score	  of	  each	  of	  the	   users	   and	   the	   avatar	   selected.	   The	   main	   goal	   of	   the	   high	   scores	   table	   is	   to	  encourage	   the	   students	   to	   improve	   their	   scores	   and	   generate	   some	   competition,	  enough	  to	  inspire	  the	  students	  to	  work	  harder.	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Figure	  17:	  High	  Scores	  Screen	  
4.2.8.	  Help	  A	  help	  screen	  (Figure	  18)	  can	  be	  accessed	  from	  the	  main	  menu,	  and	  from	  the	  games.	  It	  includes	  a	  user	  guide	  to	  the	  game	  and	  the	  definition	  of	  quadratic	  functions	  (Figure	  19).	  	  
	  
Figure	  18:	  Help	  Screen	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Figure	  19:	  User	  Guide	  and	  Quadratic	  Function	  Definition	  
4.2.9.	  Settings	  and	  Send	  Results	  From	  the	  settings	  screen	  (Figure	  20)	  the	  student	  will	  have	  the	  possibility	  to	  turn	  off/on	  the	  sound	  effects.	  	  
	  	  	  
Figure	  20:	  Settings	  Screen	  A	  hidden	  functionality	  added	  to	  this	  screen	  is	  the	  option	  to	  send	  the	  collected	  data	  stored	  on	  the	  device	  via	  email.	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This	  was	  done	  because	  in	  some	  cases	  we	  do	  not	  have	  physical	  access	  to	  the	  devices	  to	   collect	   the	   data	   from	   experiments.	   We	   were	   recently	   presented	   with	   the	  opportunity	  to	  work	  with	  the	  College	  Opportunity	  Resources	  for	  Education	  (CORE),	  a	   federal	   tax-­‐exempt	   organization	   designed	   to	   provide	   scholarships	   and	   college	  preparation	   assistance	   to	   high	   school	   students.	   This	   organization	   is	   located	   in	  Philadelphia.	  They	  successfully	  integrated	  the	  game	  in	  their	  platform.	  	  Tapping	  3	  times	  on	  the	  image	  of	  the	  clouds	  will	  open	  a	  message	  with	  the	  option	  to	  type	  a	  password.	  The	  current	  password	  is	  “gvsu”	  (Figure	  21).	  	  	  
	  
Figure	  21:	  Password	  Authentication	  If	  the	  password	  is	  correct	  an	  e-­‐mail	  window	  will	  appear	  (Figure	  22	  left).	  The	  device	  needs	  to	  have	  an	  e-­‐mail	  account	  configured,	  if	  this	  is	  not	  the	  case	  an	  error	  will	  be	  presented	  (Figure	  22	  right)	  and	  the	  data	  will	  not	  be	  sent.	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Figure	  22:	  Sending	  Results	  Data	  
4.2.10.	  About	  Screen	  From	  the	  main	  menu,	  it	  is	  possible	  to	  access	  an	  informative	  screen	  with	  contact	  information	  and	  a	  general	  description	  of	  the	  application	  (Figure	  23).	  	  
	  
Figure	  23:	  About	  Screen	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4.3.	  Participants	  Our	  approach	   involved	   recruiting	  Algebra	  1	   students	   to	  use	   the	  game	  experiences	  we	  developed.	  Conclusions	  on	  the	  hypotheses	  (Section	  3)	  were	  drawn	  by	  observing	  and	  surveying	  (Appendix	  A	  and	  B)	  the	  student	  participants.	  	  Our	   target	   study	   population	   was	   middle	   school	   and	   high	   school	   aged	   students	  participating	   in	   algebra	  1	   classes.	  The	  method	  of	   recruitment	  was	   to	   contact	   local	  area	   middle	   and	   high	   school	   mathematics	   teachers	   who	   are	   involved	   in	  Spring/Summer	  mathematics-­‐related	  summer	  programs.	  	  In	  addition	  to	  posting	  the	  opportunity	   to	   participate	   on	   the	   public	   MASL	   lab	   site	   (http://masl.cis.gvsu.edu),	  personal	  contacts	  were	  also	  used	  to	  recruit	  participants.	  Once	  we	  had	  identified	  the	  teachers,	   they	   were	   provided	   with	   the	   parental	   consent	   forms	   to	   distribute	   to	  students	  enrolled	  in	  their	  respective	  programs.	  	  An	  adequate	  sample	  size	  is	  necessary	  to	  ensure	  that	  the	  study	  has	  a	  good	  chance	  of	  detecting	  a	  statistically	  significant	  result	  if	  this	  is	  the	  true	  effect	  and	  also	  to	  ensure	  that	   adequate	   resources	   are	   allocated.	   Statistical	   methods	   were	   used	   [30]	   to	  determine	  the	  sample	  size	  for	  valid	  results	  based	  on	  the	  following	  variables,	  that	  we	  have	  defined	  for	  this	  thesis	  hypothesis:	  Explanatory	  variable:	  
• Gender	  (Male/	  female)	  
• Prior	  exposure	  to	  video	  games	  (never	  /casually/	  a	  lot)	  Response	  type:	  
• Persistence	  (in	  time)	  
• Problem	  solving	  (accuracy	  of	  the	  solution)	  
• Visual	  ability	  (identify	  the	  graphic	  solution	  of	  a	  problem)	  Based	   on	   the	   number	   of	   variables,	   the	   experiment	   should	   involve	   at	   least	   96	  students;	   however,	   data	   from	   20	   students	   was	   used	   to	   perform	   the	   experiments.	  
This is due to the fact that it was hard	  to	   find	  summer	  Algebra	  1	  courses	   in	   the	  area.	  Meaning	   the	  results	  are	  not	  conclusive,	  but	   it	   is	  possible	   to	  see	   the	   tendency	  and	  risk	  a	  comprehensive	  conclusion	  from	  that.	  
4.4.	  Research	  Design	  In	  this	  study,	  we	  recruited	  middle	  school	  and	  early	  high	  school	  students	  to	  try	  out	  the	   designed	   games.	   A	   series	   of	   stages	   were	   set	   up	   in	   order	   to	   execute	   the	  experiments.	   A	   description	   of	   the	   procedure	   used	   to	   conduct	   the	   experiments	  follows:	  
Introductory	  Activities	  1. Contact	  a	  local	  area	  middle	  school	  or	  high	  school	  mathematics	  teacher	  who	  is	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involved	  in	  Spring/Summer	  mathematics-­‐related	  programs.	  2. Give	  an	  introduction	  to	  the	  game	  and	  explain	  the	  goals	  of	  the	  research	  to	  the	  teacher.	  3. Notify	  and	  ask	   for	  authorization	   from	  school	  administration	   to	  perform	  the	  experiments.	  	  4. Schedule	  a	  one	  hour	  session	  with	  the	  students	  in	  their	  classroom	  to	  perform	  the	  experiments	  5. Send	  the	  consent	  form	  to	  the	  students’	  parent	  or	  legal	  guardian	  for	  approval.	  6. In	   the	   classroom,	   the	   certified	   teacher	   introduces	   the	  ParabolaX	   team.	   The	  certified	   teacher	   should	  be	  present	   at	   all	   times	  during	   the	   experiment.	  The	  children	  are	  informed	  about	  the	  kind	  of	  research,	  and	  the	  method	  used.	  They	  have	   the	   opportunity	   to	   choose	   whether	   or	   not	   to	   participate	   in	   the	  experiments.	   If	   there	   is	   a	   case	  where	  one	  or	  more	   students	  do	  not	  want	   to	  participate,	  or	  do	  not	  have	  the	  approval	  of	  their	  parents	  or	  legal	  guardians,	  a	  special	  space	   is	  reserved	   in	   the	  classroom,	  and	  a	  different	  activity,	  which	   is	  prepared	  by	  the	  certified	  teacher,	  is	  assigned.	  7. In	   order	   to	   gauge	   students’	   current	   knowledge	   about	   quadratic	   functions,	  assess	   if	   the	  student	  has	  exposure	  to	  video	  games,	  and	  record	  the	  student’s	  gender,	  we	  present	  an	   initial	   survey	   (Appendix	  A).	  This	  anonymous	  data	   is	  useful	   to	  measure	   if	   the	  students	   improve	   their	  understanding	  of	  quadratic	  concepts	  after	  using	  the	  game.	  	  	  We	  inform	  all	  students,	  prior	  to	  start	  playing	  with	  ParabolaX,	  that	  we	  are	  testing	  the	  game	  to	  make	  it	  better,	  and	  that	  we	  plan	  to	  collect	  anonymous	  data.	  We	  emphasize	  that	  we	  are	  collecting	  data	  to	  test	  the	  game,	  not	  the	  players,	  and	  that	  a	  player	  may	  quit	  at	  any	  time.	  
Guided	  Study	  8. The	  concept	  of	  multiplication	  of	  graphs	  and	  quadratic	  functions	  is	  introduced	  or	   reviewed	  by	   the	   certified	   teacher	  or	  GVSU	   staff	  member	   (this	   is	   defined	  during	  stage	  2;	  basic	   terms	  used	  during	   the	  experiments	  are	  explained	  and	  written	  on	  the	  board	  like	  vertex,	  roots	  and	  orientation	  of	  the	  function).	  9. A	   device	   with	   the	   application	   is	   assigned	   to	   each	   student;	   if	   the	   group	  exceeds	  the	  number	  of	  devices,	  then	  the	  class	  is	  split	  into	  groups/	  teams.	  10. A	  demonstration	  of	  the	  game	  is	  given	  to	  the	  class.	  A	  step-­‐by-­‐step	  introduction	  is	   given,	   each	   of	   the	   options	   is	   explained,	   and	   every	   student	   or	   team	   of	  students	   should	   follow	   the	   step-­‐by-­‐step	   guide	   to	   the	   game.	   The	   certified	  teacher	  or	  GVSU	  staff	  member	  goes	  straight	  to	  any	  student/group	  that	  looks	  confused	  or	  is	  slow	  to	  catch	  on	  to	  help	  get	  them	  started.	  
Discovery	  Learning	  11. The	  student	  is	  allowed	  to	  run	  the	  game	  on	  an	  iPhone	  or	  iPod	  touch	  that	  we	  provide.	   The	   game	   allows	   the	   student	   to	   explore	   and	   recognize	   the	  properties	   of	   quadratic	   functions	   as	   they	   relate	   to	   linear	   functions	   in	   a	   fun	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game-­‐like	  format.	  	  12. We	  diligently	  ensure	  that	  everyone	  is	  playing	  the	  game	  more	  or	  less	  correctly.	  If	   everyone	   is	   struggling	   with	   the	   game,	   or	   many	   teams	   have	   similar	  questions	  about	  the	  rules,	  we	  stop	  the	  class	  and	  explain	  again.	  If	  the	  students	  misunderstand	  the	  rules	  but	  come	  up	  with	  a	  variation,	  which	  is	  comparable	  to	  the	  correct	  version	  in	  terms	  of	  the	  mathematical	  concept,	  we	  let	  them	  do	  it	  their	  way.	  In	  the	  end,	  students	  are	  asked	  survey	  questions	  (Appendix	  B)	  to	  evaluate	  whether	  our	  game	  has	  changed	   their	  understanding	  of	  and	  attitudes	   towards	  mathematics.	  We	  also	  collect	  anonymous	  data	  about	  how	  students	  used	  the	  game,	  including	  when	  they	   started	   the	   application,	   what	   features	   they	   clicked	   on,	   and	   their	   scores	   on	  various	  levels	  in	  the	  game;	  this	  is	  explained	  with	  further	  details	  in	  the	  next	  section.	  
4.5.	  Measures	  The	   data	   collected	   during	   this	   study	   includes	   observational	   notes	   taken	   by	  investigators	   as	   the	   subjects	   interact	  with	   the	   game	  as	  well	   as	   anonymous	   survey	  responses	   (Appendix	   A	   and	   B).	   	   No	   personally	   identifiable	   information	   was	  associated	  with	  the	  notes	  or	  survey	  responses.	  	  	  	  The	   challenging	   aspect	   of	   this	   kind	  of	   research,	   is	   figuring	  out	  why	   certain	   games	  advance	   learning.	  What	   factors	   keep	   students	   engaged?	  What	   features	   encourage	  students	   to	   apply	   what	   they	   have	   learned	   to	   real	   problems?	   Participants’	  performance	   will	   be	   characterized	   during	   playing	   sessions,	   and	   the	   following	  anonymous	  data	  will	  be	  collected:	  	   1. Time	  spent	  in	  study	  mode.	  2. Time	  spent	  on	  each	  game	  mode	  (Orientation,	  Parabola	  and	  Line	  Game).	  3. Number	  of	  tries	  per	  game.	  4. Number	  of	  correct	  answers	  per	  game	  type.	  5. Accuracy	  solving	  the	  problems.	  6. Time	  per	  level.	  7. Score	  per	  level.	  8. Total	  time.	  	  Our	  observations	  combined	  with	  students’	  comments	  during	  game	  play	  were	  added	  to	   the	   input	   for	   future	   improvements,	   and	  were	   incorporated	   into	   the	   qualitative	  results	  in	  the	  final	  report.	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5. Results	  	  Two	  experimental	  sessions	  were	  performed,	  the	  first	  experimental	  pilot	  was	  before	  we	   had	   the	   approbation	   from	   the	   IRB	   committee.	   No	   data	   was	   collected	   beyond	  anecdotal	   user	   feedback	   about	   the	   usability	   of	   the	   application.	   Based	   on	   this	  feedback	  a	  series	  of	  improvements	  were	  developed	  for	  the	  current	  released	  version	  of	  the	  game	  as	  well	  as	  the	  definition	  of	  the	  research	  design	  (Section	  4.4).	  	  The	   second	   experimental	   session	   was	   performed	   with	   20	   students;	   the	   data	  collected	  will	  be	  analyzed	   later	   in	   this	  section.	  Unfortunately	  not	  enough	  data	  was	  collected.	   As	   defined	   previously,	   we	   needed	   at	   least	   96	   students	   to	   validate	   the	  results,	   but	   with	   the	   data	   collected	   it	   is	   possible	   to	   see	   the	   tendency	   and	   risk	   a	  comprehensive	  conclusion	  from	  that.	  	  While	  Google	  Analytics	  [47]	  is	  starting	  to	  collect	  data	  from	  the	  application	  available	  at	   the	   App	   Store	   (Figure	   24),	   this	   data	   was	   not	   included	   in	   the	   actual	   analysis	  because	  we	  cannot	  be	  sure	  the	  targeted	  population	  generates	  this	  data.	  Other	  future	  analysis	  needs	  to	  be	  performed	  for	  it.	  	  
	  
Figure	  24:	  Google	  Analytics	  Report	  	  Data	   from	   experiments	   currently	   underway	   at	   the	   College	  Opportunity	   Resources	  for	  Education	  (CORE)	  in	  Philadelphia	  will	  help	  to	  support	  the	  conclusions.	  However,	  due	  to	  IRB	  approval	  limitations,	  the	  data	  cannot	  be	  used	  to	  support	  this	  report.	  The	  issue	  is	  that	  we	  have	  to	  get	  IRB	  approval	  from	  the	  state	  of	  Pennsylvania,	  the	  City	  of	  Philadelphia	  and	  a	  separate	  non-­‐IRB	  approval	  from	  the	  school	  district.	  	  During	   the	   experiments,	   students	   were	   excited	   about	   using	   iPod/iPhones	   in	   the	  classroom.	  The	  vast	  majority	  of	  students	  knew	  what	  this	  platform	  was,	  and	  almost	  all	  students	  had	  used	  one.	  Some	  students	  actually	  owned	  one.	  Students	  did	  not	  need	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any	   instruction	  on	   the	  usage	  of	   the	  platform.	  Almost	  all	   students	  expressed	   in	   the	  initial	  survey	  (Appendix	  A)	  a	  lack	  of	  knowledge	  on	  the	  topic	  of	  quadratic	  functions.	  Some	   students	   did	   not	   remember,	   while	   others	   knew	   but	   were	   not	   able	   to	  remember	  how	  to	  multiply	  two	  lines,	  or	  identify	  the	  vertex	  and	  roots	  of	  a	  parabola.	  	  The	  following	  data	  summarizes	  the	  log	  file	  data	  from	  all	  students,	  collected	  during	  the	   experimental	   session.	   The	   20	   students	   created	   a	   total	   of	   18	   profiles	   (two	  students	  used	  the	  profile	  of	  another	  student	  to	  use	  the	  game;	  it	  is	  better	  to	  have	  as	  many	   devices	   as	   students	   during	   the	   experiments	   to	   avoid	   these	   kinds	   of	   issues).	  During	   the	   session	   each	   student	   spent	   on	   average	   of	   8	   minutes	   on	   the	   game,	   4	  minutes	  on	  the	  parabola	  game	  and	  2	  minutes	  on	  each	  of	  the	  other	  games	  (because	  they	  had	  to	  share	  the	  device	  with	  others	  students	  the	  time	  was	  limited).	  	   Number	  of	  participants:	  20	  Number	  of	  devices:	  8	  (They	  took	  turns	  to	  use	  the	  game)	  	  Number	  of	  tries	  on	  Parabola	  Game:	  1209	  tries	  Average	  of	  tries	  per	  student:	  60	  times	  Number	  of	  levels	  cleared	  on	  Parabola	  Game:	  427	  levels	  Percentage	  correct:	  35%	  	  Number	  of	  tries	  on	  Line	  Game:	  469	  tries	  Average	  of	  tries	  per	  student:	  23	  times	  Number	  of	  levels	  cleared	  on	  Line	  Game:	  234	  levels	  Percentage	  correct:	  50%	  	  Number	  of	  tries	  on	  Orientation	  Game:	  425	  tries	  Average	  of	  tries	  per	  student:	  21	  times	  Number	  of	  levels	  cleared	  on	  Orientation	  Game:	  210	  levels	  Percentage	  correct:	  50%	  	  Total	  time	  in	  the	  game	  of	  all	  users:	  164	  min	  Total	  time	  in	  Parabola	  Game:	  81	  min	  Total	  time	  in	  Line	  Game:	  26	  min	  Total	  time	  in	  Orientation	  Game:	  28	  min	  	  In	  addition	  to	  the	  data	  collected	  by	  the	  devices,	  survey	  questions	  were	  also	  given	  to	  the	   students	   (Appendices	  A	   and	  B).	  As	   figure	  25	   shows,	  70%	  of	   the	  population	   in	  this	  specific	  class	  was	   female	  while	  30%	  was	  male.	  This	   is	   important	  because	   it	   is	  possible	  to	  segment	  the	  information	  of	  the	  following	  questions	  based	  on	  gender.	  No	  individual	  data	  were	  collected.	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Figure	  25:	  Survey	  Question:	  Gender	  To	  determine	  the	  amount	  of	  experience	  that	  students	  had	  with	  video	  games	  prior	  to	  the	   experiment,	   a	   question	   about	   their	   playing	   habits	  was	   presented	   (Figure	   26).	  This	  is	  not	  a	  final	  conclusion,	  but	  it	  is	  possible	  to	  assume	  that	  most	  of	  the	  students	  had	  played	  video	  games.	  The	  percentage	  was	  lower	  than	  a	  2008	  survey	  conducted	  by	   the	   Washington;	   D.C.	   based	   Pew	   Research	   Center,	   where	   97%	   of	   students	  between	  the	  ages	  of	  12	  and	  17	  in	  the	  United	  States	  recorded	  playing	  video	  games.	  The	   difference	   may	   be	   caused	   by	   the	   small	   sample	   size	   used	   in	   this	   experiment,	  where	  80%	  of	  the	  students	  had	  played	  video	  games.	  	  
	  
Figure	  26:	  Survey	  Question:	  Kind	  of	  player	  As	  expected	  all	  male	  students	  had	  played	  video	  games.	  Figure	  27	  illustrates	  how	  half	  of	   them	   are	   casual	   players	   and	   the	   other	   half	   are	   hardcore	   players:	   a	   hardcore	  player	  takes	  significant	  time	  and	  practice	  on	  games.	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Figure	  27:	  Kind	  of	  player	  by	  gender	  (Male)	  Surprisingly	   71%	  of	   the	   female	   students	   had	  played	   video	   games,	   but	   only	   7%	  of	  them	  were	  hardcore	  players.	  This	  is	  an	  interesting	  tendency	  of	  the	  playing	  habits	  of	  young	   females.	   It	   is	  believed	   that	  male	   students	   show	  more	   interest	   toward	  video	  games,	  but	  the	  gender	  gap	  is	  slowly	  diminishing	  [3],	  and	  Figure	  28	  is	  consistent	  with	  that	  trend.	  Bourgoujon	  [3]	  says	  that	  a	  possible	  reason	  for	  this	  is	  that	  females	  dislike	  the	   amount	   of	   combat	   and	   violence,	   as	   well	   as	   the	   stereotypical	   way	  woman	   are	  represented	  in	  video	  games,	  but	  now,	  with	  the	  increasing	  popularity	  of	  casual	  games	  there	  is	  more	  acceptance	  across	  all	  age	  and	  gender	  demographics.	  	  
	  
Figure	  28:	  Kind	  of	  player	  by	  gender	  (Female)	  All	  students	  agreed	  that	  ParabolaX	  was	  easy	  to	  use	  as	  shown	  in	  Figure	  29.	  53%	  of	  the	   students	   strongly	   agree	  with	   this.	  As	  we	   are	   going	   to	   see	   later	   in	   this	   section,	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when	  we	  reviewed	  some	  of	  the	  answers	  to	  the	  survey	  questions,	  students	  liked	  how	  they	   were	   able	   to	   interact	   with	   the	   device	   in	   innovative	   ways,	   like	   drawing	   the	  parabola	   in	   the	  air	  or	  using	   the	   touch	  screen,	  as	  well	  as	   the	   feedback	  with	   images	  and	  sounds	  that	  made	  the	  game	  very	  engaging	  for	  them.	  	  
	  
Figure	  29:	  Survey	  Question:	  It	  is	  easy	  to	  learn	  to	  use	  ParabolaX	  This	  is	  probably	  one	  of	  the	  most	  important	  results,	  but	  because	  the	  sample	  size	  was	  not	   large	   enough,	  we	   cannot	   conclude	   anything.	   Yet,	   the	   trend	   is	   that	   95%	  of	   the	  students	   understood	   the	   concept	   of	   quadratic	   functions	   thanks	   to	   the	   game	   as	  shown	  in	  figure	  30.	  	  
	  
Figure	  30:	  Survey	  Question:	  Using	  ParabolaX	  helped	  me	  understand	  quadratic	  functions	  better	  Additionally,	   from	  Figure	  31	  we	   can	   conclude	   that	   all	   students	   enjoyed	   the	  use	  of	  this	   tool	   in	   the	   classroom.	   In	   the	   future,	   a	   greater	   sample	   size,	   and	   more	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experiments	   will	   be	   required	   to	   make	   a	   comprehensive	   conclusion,	   but	   the	  likelihood	  that	  students	  like	  educational	  video	  games	  is	  quite	  high.	  	  
	  
Figure	  31:	  Survey	  Question:	  ParabolaX	  was	  enjoyable	  All	  students	  found	  the	  game	  interesting.	  Figure	  32	  shows	  50%	  strongly	  agreed	  that	  the	   game	  was	   interesting	   and	  50%	  agreed.	  During	  our	  observations	   and	   from	   the	  survey	   questions	   we	   can	   say	   that	   students	   were	   very	   engaged	   while	   playing	   the	  game.	  	  
	  
Figure	  32:	  Survey	  Question:	  ParabolaX	  was	  interesting	  The	  game	  was	  not	  only	  interesting,	  but	  all	  the	  students	  indicated	  that	  they	  would	  be	  interested	   in	   using	   this	   kind	   of	   technology	   in	  mathematic	   classes	   which	   suggests	  that	  integration	  of	  these	  technologies	  will	  be	  well	  received	  (Figure	  33).	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Figure	  33:	  Survey	  Question:	  I	  would	  be	  interested	  in	  using	  games	  like	  ParabolaX	  in	  math	  classes	  Figure	   34	   shows	   that	   95%	   of	   students	   are	   more	   interested	   in	   using	   games	   like	  
ParabolaX	  in	  their	  learning	  than	  normal	  homework.	  	  
	  
Figure	  34:	  Survey	  Question:	  I	  would	  be	  interested	  in	  using	  games	  like	  ParabolaX	  instead	  of	  some	  of	  my	  
homework	  
ParabolaX	   is	   an	   educational	   tool,	   but,	   as	   researchers,	   we	   were	   also	   interested	   to	  know	  if	  these	  kinds	  of	  games	  are	  engaging	  enough	  to	  motivate	  students	  to	  play	  them	  in	  their	  free	  time	  for	  fun.	  The	  results	  were	  interesting.	  Figure	  35	  shows	  that	  60%	  of	  the	  students	  that	  showed	  interest	  in	  playing	  for	  fun,	  10%	  were	  strongly	  motivated.	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Figure	  35:	  Survey	  Question:	  I	  would	  play	  ParabolaX	  just	  for	  fun	  When	  examining	  under	  the	  lens	  of	  gender	  if	  students	  will	  play	  the	  game	  for	  fun,	  we	  observed	  that	  67%	  of	  male	  students	  were	  interested	  (Figure	  36).	  	  
	  
Figure	  36:	  I	  would	  play	  ParabolaX	  just	  for	  fun	  by	  gender	  (Male)	  On	  the	  other	  hand,	  as	  Figure	  37	  shows,	  43%	  of	  female	  students	  were	  not	  interested	  in	  playing	  the	  game	  just	  for	  fun.	  Surprisingly,	  14%	  of	  them	  were	  strongly	  interested.	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Figure	  37:	  I	  would	  play	  ParabolaX	  just	  for	  fun	  by	  gender	  (Female)	  At	  the	  end	  of	  this	  section	  a	  series	  of	  questions	  were	  presented	  to	  the	  students	  to	  test	  how	  well	  they	  understand	  the	  concept	  of	  quadratic	  functions	  after	  playing	  with	  the	  game.	  From	  observations	  of	  this,	  and	  surveys	  collected	  (Appendix	  B,	  questions	  4	  and	  5)	   we	   can	   say	   that	   there	   was	   an	   increase	   in	   the	   knowledge	   about	   the	   topic.	   The	  students	   were	   able	   to	   identify	   the	   orientation	   of	   the	   resulting	   parabola	   from	   the	  multiplication	   of	   two	   lines,	   and	   were	   additionally	   able	   to	   make	   an	   approximate	  guess	  for	  the	  vertex	  and	  roots	  of	  the	  parabola.	  No	  quantitative	  data	  was	  collected	  for	  this	   point,	   and	   only	   observations	   and	   answers	   on	   the	   survey	   questionnaire	   were	  taken	  into	  account	  for	  these	  conclusions.	  	  On	   the	   final	   survey	   (Appendix	  B),	   three	   subjective	  questions	  were	   asked	   to	   gauge	  their	   thoughts	  about	   the	  game,	   as	  a	  way	   to	   improve	   it	   and	  assess	   the	  best	  part	  of	  using	  it.	  Some	  of	  the	  most	  interesting	  answers	  are	  presented	  bellow,	  but	  in	  general	  several	   students	   agreed	   that	   they	  did	  not	   have	  previous	   knowledge	   about	   how	   to	  solve	   the	  multiplication	  of	   two	   lines,	   and	   after	   playing	   the	   game,	  without	  needing	  theoretical	   information,	   they	   figured	  out	  how	  it	  works.	  Additionally,	  some	  of	   them	  expressed	  their	  interest	  in	  different	  ways	  of	  interaction	  with	  these	  technologies,	  like	  drawing	  the	  parabola	  in	  the	  air.	  	  
What	  was	  the	  best	  part	  about	  playing	  this	  game?	  What	  made	  it	  the	  best?	  
• I	  liked	  the	  orientation	  because	  it	  was	  more	  interactive.	  
• It	  is	  easy	  to	  play	  and	  does	  not	  require	  a	  lot	  of	  work.	  
• Simplicity.	  Does	  not	  appear	  as	  educational	  when	  it	  is.	  
• It	  was	  fun	  and	  easy	  to	  use.	  It	  made	  me	  understand	  quadratic	  functions.	  I	  liked	  drawing	  in	  the	  air.	  
• It	  was	  fun	  to	  try	  to	  figure	  out	  where	  the	  parabola	  was	  supposed	  to	  go.	  
• It	  was	  a	  game	  instead	  of	  boring	  schoolwork.	  
• The	  sound	  effects,	  and	  be	  able	  to	  move	  the	  device.	  
• It	  is	  easier	  to	  use	  than	  a	  book,	  learn	  faster	  on	  application.	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What	  was	  the	  worst	  part	  about	  playing	  the	  game?	  What	  made	  it	  the	  worst?	  
• It	  is	  too	  picky	  sometimes	  when	  drawing	  the	  line.	  
• My	  nails	  were	  not	  working	  with	  me.	  
• Lack	  of	  multiple	  user	  accounts.	  
• Does	  not	  understand	  what	  a	  parabola	  is.	  	  
What	  advice	  or	  recommendation	  would	  you	  give	  the	  game	  designer?	  
• It	  is	  a	  good	  game	  and	  keep	  doing	  what	  your	  doing.	  
• More	  character	  options	  at	  the	  beginning.	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6. Discussion	  	  In	   reviewing	   the	   results	   from	   the	   experiments,	   several	   interesting	   and	   surprising	  trends	   were	   discovered.	   Not	   enough	   data	   was	   collected	   to	   refute	   or	   affirm	   the	  hypothesis	   proposed	   in	   Section	   3,	   but	   trends	   can	   be	   determined	   that	   validate	   the	  hypothesis.	  	  
H1:	   Educational	  video	  games,	  like	  ParabolaX,	  running	  on	  handheld	  devices	  
with	  touch-­enabled	  displays,	  improve	  students’	  ability	  to	  recognize	  properties	  
and	  concepts	  of	  quadratic	  functions.	  	  As	   presented	   in	   the	   previous	   section	   (Section	   5),	   before	   the	   experiments	   were	  conducted	  the	  students	  had	  a	  lack	  of	  knowledge	  about	  quadratic	  functions	  that	  went	  from	  none	   to	  basic	  knowledge.	  After	   the	  experiments,	   they	  were	  able	   to	   identify	  a	  quadratic	  function,	  the	  orientation	  of	  the	  parabola	  resulting	  from	  the	  multiplication	  of	  two	  lines,	  and	  the	  root	  and	  vertex	  of	  the	  parabola.	  More	  experiments	  are	  required	  to	  accept	  the	  hypothesis,	  but	  the	  results	  collected	  thus	  far	  confirm	  it.	  	  
H2:	  	   Prior	  exposure	  to	  video	  game-­play	  based	  on	  gender	  is	  positively	  related	  
to	  the	  following:	  
	   a.	  	  	  	  	  Persistence	  
	   b.	  	  	  	  	  Problem-­solving	  strategizing	  
	   c.	  	  	  	  	  	  Visual	  ability	  
	  The	  results	  showed	  that	  the	  gap	  between	  genders	  is	  not	  that	  large,	  and	  both	  female	  and	  male	  students	  were	  very	  engaged	  with	   the	  use	  of	  ParabolaX.	  Figure	  38	  shows	  what	   the	   perception	   of	   the	   students	  was	  when	   asked	   if	   the	   game	   helped	   them	   to	  understand	   the	   concept	   of	   quadratic	   functions.	   All	   females	   agreed	   that	   the	   game	  helped	  them	  to	  understand	  the	  concept,	  and	  84%	  of	  the	  males	  said	  the	  game	  helped	  them	  to	  understand	  the	  concept.	  	  
	   58	  
	  
Figure	  38:	  Survey	  Question:	  Using	  ParabolaX	  helped	  me	  understand	  quadratic	  functions	  better	  by	  
gender	  Figure	   39,	   shows	   that	   independent	   of	   gender,	   all	   the	   students	  were	   engaged	  with	  and	   enjoyed	   the	   game.	   It	   is	   interesting	   to	   note	   that	   female	   students	   were	   more	  motivated	   (43%	   strongly	   agree	   that	   the	   game	   was	   enjoyable,	   against	   33%	   male	  students).	  	  
	  
Figure	  39:	  Survery	  Question:	  ParabolaX	  was	  enjoyable	  Independent	  of	  gender,	  we	  can	  say	   the	   trend	   is	   that	   students	  were	  motivated	  and	  learned	   about	   the	   concept	   of	   quadratic	   functions.	   This	   is	   a	   first	   step	   in	   accepting	  hypothesis	  2,	  but	  more	  experiments	  must	  be	  conducted	  to	  confirm	  this	  statement.	  
	  
H3:	  	   Educational	  video	  games,	  like	  ParabolaX,	  running	  on	  handheld	  devices	  
with	   touch-­enabled	   displays,	   make	   the	   study	   of	   quadratic	   concepts	   more	  
engaging	  to	  students.	  	  Previous	   section	   gives	   us	   some	   relevant	   data,	   like	   53%	   of	   the	   students	   strongly	  agreed	  and	  47%	  agreed	  that	  the	  game	  is	  easy	  to	  use.	  15%	  of	  the	  students	  strongly	  agreed	  and	  80%	  agreed	  that	  the	  game	  helped	  them	  understand	  quadratic	  functions	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better.	   40%	   of	   the	   students	   strongly	   agreed	   and	   60%	   agreed	   that	   the	   game	   was	  enjoyable.	  50%	  of	  the	  students	  strongly	  agreed	  and	  50%	  agreed	  that	  the	  game	  was	  interesting.	   45%	   of	   the	   students	   strongly	   agreed	   and	   55%	   agreed	   that	   they	  were	  interested	   in	   using	   games	   like	   ParabolaX	   in	  mathematics	   classes	   and	   10%	   of	   the	  students	  strongly	  agreed	  and	  50%	  agreed	   that	   they	  would	  play	  ParabolaX	   for	   fun.	  All	   the	   results	   seem	   to	   accept	   Hypothesis	   3.	   Additionally,	   from	   the	   observations,	  students	   were	   very	   excited	   about	   the	   use	   of	   these	   new	   technologies,	   like	   the	  accelerometer	  and	   touch	  screen	   for	   the	   input.	  They	  were	  very	  engaged	  during	   the	  experiment	  sessions.	  	  Other	   observations	   were	   that	   a	   brief	   demonstration	   was	   all	   that	   was	   needed	   to	  explain	  the	  game	  to	  the	  students.	  Additionally	  we	  observed	  students	  helping	  others	  and	  interacting	  with	  their	  classmates	  while	  using	  the	  game.	  The	  game	  also	  engaged	  students	   in	   more	   ways	   than	   just	   mathematical	   reasoning.	   They	   were	   trying	   to	  improve	  their	  scores	  and	  beat	  the	  game,	  while	  learning	  mathematics	  and	  acquiring	  new	  skills.	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Appendix	  A	  –	  Demographic	  and	  Quadratics	  functions	  Survey	  	  Help	  us	  design	  this	  new	  iPhone	  game	  by	  answering	  the	  following	  questions.	  	   1. Are	  you?	  	   [	  ]	  Male	   	   [	  ]	  Female	  	   2. Do	  you	  play	  video	  games:	   [	  ]	  Never	   [	  ]	  Casually	   [	  ]	  A	  lot	  	  
3. Please	  locate	  the	  vertex	  and	  roots	  in	  this	  graph:	  
	  
Figure	  40:	  Locate	  vertex	  and	  roots	  
4. Do	  you	  think	  the	  parabola	  obtained	  by	  multiplying	  the	  lines	  is	  facing	  up	  or	  down	  in	  these	  two	  examples.	  
	  	  	  	  	  	  	  	   	  [	  ]	  Facing	  up	  [	  ]	  Facing	  down	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [	  ]	  Facing	  up	  [	  ]	  Facing	  down	  
Figure	  41:	  Parabola	  orientation	  question	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Appendix	  B	  –	  ParabolaX	  Survey	  	  Help	  us	  design	  this	  new	  iPhone	  game	  by	  answering	  the	  following	  questions.	  	   	   Strongly	  Agree	   Agree	   Disagree	   Strongly	  Disagree	   	   Not	  Applicable	  It	  is	  easy	  to	  learn	  to	  use	  ParabolaX.	   	   	   	   	   	   	  Using	  ParabolaX	  helped	  me	  understand	  quadratic	  functions	  better.	   	   	   	   	   	   	  
ParabolaX	  was	  enjoyable.	   	   	   	   	   	   	  
ParabolaX	  was	  interesting.	   	   	   	   	   	   	  
I	  would	  be	  interested	  in	  using	  games	  like	  ParabolaX	  in	  math	  class.	   	   	   	   	   	   	  I	  would	  be	  interested	  in	  using	  games	  like	  ParabolaX	  instead	  of	  some	  of	  my	  homework.	   	   	   	   	   	   	  I	  would	  play	  ParabolaX	  just	  for	  fun.	   	   	   	   	   	   	  	  Answer	  these	  questions	  in	  one	  or	  two	  sentences:	  	  What	  was	  the	  best	  part	  about	  playing	  this	  game?	  	  What	  made	  it	  the	  best?	  	  	  	  	  What	  was	  the	  worst	  part	  about	  playing	  this	  game?	  	  What	  made	  it	  the	  worst?	  	  	  	  	  What	  advice	  or	  recommendation	  would	  you	  give	  the	  game	  designer?	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4. Please	  locate	  the	  vertex	  and	  roots	  in	  this	  graph:	  
	  
	  
Figure	  42:	  Locate	  vertex	  and	  roots	  2	  	   5. Draw	  your	  first	  guess	  for	  where	  the	  parabola	  would	  be	  that	  you	  get	  by	  multiplying	  the	  lines	  in	  these	  two	  examples.	  
	  
	  	  	  	  	  	  	   	  [	  ]	  Facing	  up	  [	  ]	  Facing	  down	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  [	  ]	  Facing	  up	  [	  ]	  Facing	  down	  
Figure	  43:	  Parabola	  orientation	  question	  2	  	  	  	  
	  
